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Pre-Carboniferous Life-Provinces. By F. R. Cowper 
Reed, M.A., F.G.S. 

INTRODUCTION. 

T he problems of the ^eopjraphical distribution of life in the 
l?ala>ozoic seas are rontinaally being brought nearer satisfac- 
tory solution by the detailed palaeontological study of the ancient 
dej) 0 Rits in distant lands ; and during the last few years a consider- 
able mass ot new facts has been accumulated which require some 
of our existing conce])tions to be modified. A survey of the 
eurrent views on the subject is therefore desirable. This revision 
is particulaily requisite in connection with the continent of Asia, 
where investigations have been rapidly ])roeeeding with remarkable 
results. By the concurrent advance in our knowledge of the 
})rinciples which guide the correlation of formations and the migrations 
of faunas (1), of the dependence of organisms on their em ironment, 
of the value of isolation as a factor in evolution (2, 3), of the 
relative importance of various physical factors, and of the distinc- 
tion of the several biological elements in a fauna, we aie now 
better enabled to apjuoaeh the questions connected with the past 
distribution of organisms. 

It is no longer possible to maintain that the difEusion of Lower 
Palseozoic life was uniform ; there is no such thing as a universal fauna 
during any geological period ; difEercnccs in composition or character, of 
greater or less degree, are always apparent, even when dealing with the 
• faunas of deposits which were formed in the same marine basin and 
Vnder similar conditions, so far as their Utliological character indicates. 
On the other hand hetorochronous faunas are found to be similar 
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in distant regions ; and hcterochthouous faunas (4), not in genetic series 
with their immediate predecessors, introduce a new problem. While 
special types of faunas are recognised to be frequently restricted 
to limited areas, widely diffused organic assemblages also occur and 
are regarded as evidence of free intercommunication in the seas 
and of the absence of effective barriers. The effects of the imme- 
diate physical environment are sought for in special local adapta- 
tions amongst members of the fauna, apart from a general progress 
in organic evolution which is acknowledged to be traceable from period 
to period, though not at a uniform rate ip alb ])arts of the world 
or with precisely the same features under all conditions. 

A zoo-geographical student pays special attention to localised or 
provincial types of faunas, and in seeking to apply the lessons of 
present marine distribution to the problems of the past, it is neces- 
sary to discriminate between the various elemeut» in the fauna 
grouped according to theft* presumed mode of life, their autochthonous 
or heterochthonous ancestry, their adaj)tation to peculiar local condi- 
tions, and their connection with the nature of the sedimentation, 
and to separate the restricted from the widely-distributed or cosmo- 
politan members. When such a preliminary classilicatiou has been 
made, the strength and character of the local or provincial 
elements become apparent. 

A primary difficulty which confronts us is our frequent igno- 
rance of the mode of life of some important groups or families 
or genera amongst the Pateozoic faunas. We have to trust for help 
in these cases not only to the evidence of the general structure of 
the organisms and to the analogy of allied or similarly built living 
types, but also to their mode of occurrence, their association with other 
organisms, the nature of the sediment in which their remains occur and 
the individual peculiarities of the fossils, such as their state of pre- 
servation, frequency, local abundance, etc. A case in point is that 
of the trilobites ; but, as with modern Crustacea, it is probable that 
in such a large and varied group there were shallow water forms, 
deep water forms, and open sea forms, some inhabiting clear and 
othets frequenting muddy waters, while we cannot doubt that they 
differed in their powers of locomotion and migration (4a). 

When we have satisfied ourselves that the fauna of the beds of 
any particular age and area is of a local or provincial type with 
marked peculiarities in composition and character, such as the 
presence of local genera or species, wo have. to seek to discover the 
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previous paper, yet the absence of anything ^pproaching a definite 
anticline in them piecludes much hope of obtaining oil, save in 
shallow wells. There is plenty ot evidcnc'e that oil could be 
obtained in shallow J^urmcae a\o11s, but the water level of the 
country seems to be too high to obtain oil at a depth by boring. 

A few years ago many wells were drilled around Banbyin and 
Padaukpin, but they have all been abandoned, and I do not think 
that the locality offers any inducement for further experimental 
drilling. 


J> 
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Fossil Fish Teeth from the Pegu System, Burma. 

By Murray Stuart, B. Sc-, F.G.S,, Geological Survey 
of India. (With Plates 25 to 27.) 

Prome District. 

T he fallowing teeth were obtained by me’ this year from a bed 
near the base of the Lower Proqie aeries opposite Prome, situated 
on the bank of the Irrawaddy jus*t below the Sinde Bungalow : — 
Carcharias (Aprwnodon) ap. — These teeth, which arc very nu- 
merous in this bed, resemble very closely the species Carcharias 
(Aprionodon) frequens Dames, found in the Eocene of Egypt, ^ 
but differ in having the vertical furrow in the base less dis- 
tinctly marked (PI. 26, fig. 1-3). 

Carcharias {Priomdon) — The two teeth figured here (PI. 26, fig. 

4) belong to the genus Carcharias and to the sub-genus Priomdon. 
They resemble somewhat the teeth of Carcharias (Prionodon) gan- 
geticAis Muller and Henle, but are much smaller. | 

Gahocerdo laiidem Ag. — This sjHicics is of frequent occurrence j 
in this bed. The tooth figured is a broken specimen of a lateral 
tooth. It resembles exactly a fossil found in the Province of Mo- 
jambique.” Several other teeth of this .species were found, but 
they broke into fragments while being extracted from the sandstone 
(PI. 26, fig. 6). The presence of Gahocerdo lalidms in these rocks 
indicates an Eocene or Oligocene age,’* while the teeth which I 
have referred to the genus CarcJiarias (Aprmiodon), from their 
similarity to Carcharias (Aprionodon) frequens, seem to indicate a 
similar age. 

Since I have shown in a previous paper that these teeth occur 
in a bed some 3,000 feet below the bed containing Ostrea latimar- 
ginata Vred."** (which is at latest lowest Burdigalian), the evidence 
of age given by these teeth conforms perfectly with the view that 
these beds are at latest Oligocene. 


^ F. Prieiji : tiuv le.s Poissons fossiles inn ones (P Egypte do Uoiiinnnii' (fjff/t. Sor. 
giol. de France, 3e s6rie, t. XXVII, 1899, p. 243-244, pi. II, fig. 8-ir»), 

2 F. Priom ; Poissona tertiaries do.s 'possessions Africa ines du Portugal. {Comm, 
dn Commiamodo Scrvico gerdogiro th Porfngal. Tom. VIT, Fast*. T.) 

2 F. Friem : 1. c. [>. 79. 

4 fhtpra, p. 274. 
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Padaukpin and Banbyin in the Thayetmyo District. 

Carcharodon megalodon Ag. — This specimen (PI. 25, fig. 6) was 
obtained by Dr. Noetling from tlie Pegu shales at Padaukpin 
and is described by him in his ‘monograph.^ As the original 
lithograph in the monograph is somewhat indistinct, I have refigured 
the specimen from a photograph. 

Hemi'prMs serra Ag. — 'Fhese teeth are very common through- 
out the shales around Padaukpin and Banbyin. Tt is a species 
characteristic of Miocene and Pliocene age ^ (PI. 25, figs. 7 and 8 / 

The presence of these two forms indicates a Miocene or 
Pliocene age “ and thus confirms the view given by me in the pre- 
ceding paper that these rocks are the upper development of the 
Kama clays. These two forms, together with the form referred 
to Lucmi (jluhulosa^ which was found by Mr. Dalton in these shales 
definitely indicate that their age is Middle Miocene. Hemipristis 
Berras owing to its abundance, will probably prove of great im- 
portance in proving the presence of equivalents of the Kama clays 
at localities far apart from each other. 


Minbu and Yenangyat Oilfields. 

Lamna spallanzanii Bonaparte (PI. 25, figs. 9 and 10). This 
form was obtained by N’octling from the above-mentioned oilfields 
and is figured and described by him in his memoir. ^ Tt is synony- 
mous with the forms Oxf/rhirm spallanzanii Bonaparte, and O.Ty- 
rhina gomphodoti Muller and Henle, and has hitherto been found 
to have a range extending over Pliocene and recent times.'' 

The existence of this form in the faunas of these three 
oilfields indicates that the iocks in which it occurs are at least 
high in the Miocene, if not actually in the Pliocene, thus corrob- 
orating the view put forward by me in the preceding paper 
that the rocks of these fields are of later age than the zone of 
Area theobaldi (base of the Kama clays). 

1 F. Noetling : li}d\oi. New Scrii>s, Vol. T, pi. S, p. .‘174, pi. XXV, tig. S. 

2 Prioin : 1. c. p. 79. 

^ Quart. Journ. Qerd. *SV>r., Vol. luXlV', pt. 4. 

4 F. Noetliiij; ; //jf/., .Sorie?!, Vol I, pt. a, p. 28-39. p]. XXV. 

figs. 4,5,9. 

5 (‘. R. Kastnum ; Pala^nutoffrapfu’ca, \| J. 1804. p. I SO- 1 01. 

d2 
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Pakokku District. 

Carckarodon meijalotis Agassiz. (PI. 25, lig. 2). — Tliis form was 
found by Mr. G. de P. (-otter in the stream (Daridiii cliauiig), 
north of Nyaungbinzauk (iU"' 42',. 12') in beds which he 

identifies as the basal beds of the Irrawaddy series (Fossil- wood 
series of Theobald). 

Olodm appefuliadaim Agassiz. — To this species 1 have referred a 
form obtained by Mr. Cotter (PI. 25, fig. 11) from beds occurring 
near Myaiiig whicli he assigns to the Pegu system. It is a form 
which is abundant in the Cretaceous system in England and on 
the (^ntinent.* 


Singu Oilfield. 

The fossil fish teeth which I describe below were, with one 
exception, obtained from the Pegu beds exposed in the Singu Oil- 
field, by Mr. S. Sethu Kama Ran, in the season 1907-08. They 
contain several forms which have hitherto not been found in Burma. 

Oxyrhma spallanzanii Bonaparte. — ThcvSe teeth were found in 
abundance in two fossil zones, .situated low in the field, some (con- 
siderable distance below the zone of Meiocardia mefavulgans, des- 
cribed by Noetling. As I have already shown these teeth are 
thought to range over Pliocene and recent times. ^ In liis memoir 
on the Fauna of the Miocene l)eds of Burma, Xoetling describes 
this form as occurring in both the zones, Mytihis nicoharicus and 
Meiocardia meiavulgaris, but the specimens figined by him come 
from another district, Minbu 

Carcharodon lanceolatus Agassiz. — TJie spc.Mues des(jribed by 
Agassiz under the above name is characterised by its slcudc^r shape, 
and also, equally, by the existence at the base of the. enamel of 
two distinct grooves. The figured specimen, whicli was found in 
the zone of Meiocardia metavulgariH^ is not quite so sleiider in 
shape as the one figured by Agassiz, but the presence of the two 

1 AgrtBsiz: Poissnrift Foftsilai, pt. Ill, p. 270. Company .‘ilso Thoobalcl’s view.s 

as to the very Greta ceous as^poet of many sq iialine twth from the sys ( cm ( Afemoirs^ 

Ofoh Sftrv. Indian Vol. X, pt. .S, p. 87). 

2 Supra, p. 293 : also C. R. Eastman : Beitrdge znr. KenntuiJis der Oenm Ox^jrhim-* 
Pcd<gonto(fraphifia, XLI, (1894), Stultgari. pp. 190 and 191. 

3 Pid, hid.. New Serks. Vol. I, pt. 3, p. 32, 33, pi. XXV, figs. 4, 5, 0. 
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distinot grooves at the base of the enamel on the front of the 
tooth sufrices to assign it definitely to tliis species. The form des- 
cribed by Agassiz came from the Eocene at Kressenberg. 

Carcharias (Aprionodon) • frequens Dames. — Sitzunyab. k, preuss. 
Akad. Wiss,^ 18811, pt. 1, p. I4;i, PI. :i, fig. 7. This species is 
characterised by the breadth of the root, which is at least double 
that of the height of the tooth, and also by the existence of a 
distinct vertical furrow situated in the middle of the inner face 
of the root. Some ciglit specimens of this species, three of which 
are figured (PI. 2G, figs, o, fi and 7), were obtained from a be*d 
situated between the zones of M ylilm nicobarious and Meiocardia 
metavulgaris. 

Carcharias (Prionodon) q/ertoni Agassiz. 

Syn. Carcharias nimor Ag. in Egert. catal. 

Corax eqerloni Agassiz, 181:1, Poiss. Foss., \'ol. Ill, 
p. 228, PI. XXXVl, figs, fi and 7. 

This species is described as follows : - Upper te(‘th broad, trian- 
gular, prominentiy serrated, both margins slightly concave. Lower 
teeth probably narrower than the u])per, robust and prominently 
serrated.” The specimens obtained by Mr. S. vSethu Rama Ran come 
from the zom* of Mnocardia metavuhjaris and from two higher 
zones situated between it and the zone of Mjjtilus nicoharicus, tlie 
uppermost of these inttuniediate zones being tlie one from whicli 
he obtained the species. 

Carcharias (Aprionodon) frequens Dames.- The specimens 
obtained rcseml)le very much the one figured in Geological 
Survey of Maryland, Miocene plates, ” as coming from the 
Miocene .systemU (PI. 20, figs. 8, 9). From its similarity to the 
above form I have included the specimen shown on fig. 10 in 
this species. It dilTers from the others which I have figured, 
in that the length of the crown on the inner face of the tooth 
is less, and the Iicight of the root greater ; the front face of the 
tooth is however identical with that of the typical Carcharias 
{Prionodon) eqerloni. Since Mr. S. Sethn Rama Ran obtained abundant 
specimens belonging to l)oth these forms and also several speci- 
mens which are intermediate between the two, 1 have no hesi- 
tation in referring them all. to the same spc^cies. 


• Maryland OloL i^urv., MioCi:ia fdaU-if. IM. XXXlb i'g. 1* 
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Garcharias (Prionodon) collata (ex. Cope MS). — This species is 
described first in •“ Geological Survey of Maryland, Miocene text,” 
as : — A species of luoderate size, the teeth comparatively stout, 
with a narrow, usually erect crown, strongly convex on its inner 
and slightly so on its outer face ; • apex sometimes ( urved slightly 
inwards or backwards ; coronal edges with extreniely minute ser- 
rations disappearing towards the base. The enamel at the base 
of crown extends much lower down in the middle of the outer 
than on the inner face. The root is considerably elongated, large 
alid symmetrical.” ^ Only one specimen (PI. 26, fig. 12) of this 
species was obtained; it was found in the bed that yielded the 
specimens of Caroharias {Aprionodon) Irerpiena. '^I'his fonii occurs 
in the Miocene of Maryland and sjvccimens are preserved in the 
collections of the Maryland Geological Survey and the Philadelphia 
Academy of Natural Sciences. 

Hemipristis simplex^ n. sp, (?). — 1 have hgured under this name 
a specimen obtained from the above-mentioned bed that yielded 
Garcharias {Aprionodon) frequem Dames, Caroharias [Prionodon) 
egertoni Ag., and Caroharias [Priomdon) collata (ex Cope M.S.) It 
reseir bles strongly Hemipristis serra Ag., differing in the entire 
absence of any indications of serratioTi along the marginal edges of 
the tooth. It is stout and narrow, convex on both faces, about 2 
cms. ill height measuring from the apex to the base of the 
enamel. The lateral edges of the crown are sharp from the apex 
to a point level with the top of the swelling on the inner face of the 
root, below which the crown is rounded. The swelling on the 
inner face of the root bears a deep longitudinal notch, re- 
sembling Hemipristis serra in this. 

Two specimens only were obtained; the one which 1 figure (PI. 
26, fig. 13), and another specimen, the uppermost portion of 
whose crown was missing. Consequently I had a vertical section 
cut of the less perfect specimen, and the microscopical examination 
(PI. 27, fig. 1) confirmed my view that this specimen must be 
classed with the genus Hemipristis Agassiz. Since the specimen 
figured is in very good preservation and shows no sign of having 
been worn, it cannot very well be classed as Hemipristis serra, 
which it most resembles in form, because one of tlK‘. distinguishing 
characteristies of Hemipristis serra is the form and size of the 


1 A.c. p. S5. Plate XXXll, ligs. 3 to 6. 
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serrations along its lateral margins. In 1878, Probst described and 
figured as Hemipristis serra a very inclined tooth which is also 
destitute of all marginal serrations (Wurtt. Jahresk, Vol. XXXIV, p. 
143, pi. 1, fig. 50); but there is tins difference between it and the one 
described above, that the sharp edge which runs downwards from 
the point in one piece, does not fall or cease in the specimen des- 
cribed by him, whereas it does cease some distance above the root 
in the specimen described by me. Another reason which makes 
me unwilling to refer* this tooth to the species Hemipristis serra 
is that it is an almost erect specimen and therefore probably sm 
anterior tooth, and the anterior teeth of Hemipristis serra Ag. 
have strongly marked serrations on both marginal edges. I have 
therefore named it })rovisionally Hemipristis simplex^ until some 
more specimens may be obtained and further light thrown on the 
subject. 

Hemipristis serra Agassiz.- - Two broken specimens r»f lateral 
teeth were obtained from the bed which yielded the previously 
described specimcii of llemipristis simplex, and another speci- 
men of a lateral tooth and a broken specimen of an anterior tooth 
were obtained from the zone of Meiocardia metavulgaris. The 
specimen figured is from the latter zone (PI. 26, fig. 14). The 
specimens of Hemipristis serra previously obtained from Burma 
by Dr. Noetling and myself were all obtained from the Padauk- 
pin area, Tliayctmyo, and have been discussed by me above. 

Sphyrm prisca x\gassiz ? — 

Syn. Carcharias gaju/elicus M. & //., h\ Noetling ; 

Fauna of the Miocene of Burma, Pal. Ind., New Series, 
Vol. I, p. 376, PL XXV, figs. 11-15. 

No specimens of this species were found by Mr. S. Sethu llama 
Flail. 1 have examined tlic specimens which were referred by 
Noetling to the species Carohmias gamfetious M. & 11., and, on 
com[)aris()ii with tlie sets of teeth of tliis species which arc 
preserved in the Indian Museum, F cannot confirm his identifica- 
tion. Noetling’s specimens are considerably smaller than the teeth 
of a full grown Carcharias gangeticus, and even if it is possible 
that all his specimens come from half grown or smaller fish, which 
is not at all likely, since, he obtained more than three dozen speci- 
mens, there is even tlien a distinct difference between his speci- 
mens, among which are some quite indistinguishable from the typical 
Aprionodon, and the teeth of Carcharias gangeticus. Noetling’s speeiiuens 
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are more slender and have their marginal serrations less dis- 
tinct and less uniform and their anterior margin more con- 
cave than is the case in the species Carcharias gangeticus. His 
specimens correspond more closely with, the species Sphyrna prisca 
Ag., the forms figured by him in figs. 1*2 and 13 resembling very 
closely the form figured by Agassiz on Tab. 2ba, {Vol. Ill), fig. 35, 
while the forms figured by Noetling in figs. 14 and 15 resemble 
the form figured by Agassiz as Sphyrna lata ; the latter, however, 
is looked upon as a very doubtful species. ‘ As it is exceedingly 
difficult to distinguish the genus Sphyrna Rafinesque from Carcharias 
by means of isolated teeth, it is possible that Noetling’s specimens 
should be referred to some species of this latter genus, but they 
cannot be regarded as belonging to the species Carcharias 
gangeticus M. & H. ; whether, in any case, they represent a living 
form cannot be decided until the investigation of the sliarks of 
the Bay of Bengal, at present being conducted, is complete. 

The presence of the forms Oxyrhina spallanzanii Bon., Hemi- 
pristis serf a Ag., Carcharias (Prionodon) egertoni Ag., Carcharias 
(Prionodon) collata (ex. Cope MS.), indicates a Miocene age for these 
rocks in the Singu oilfield and therefore an age not older than 
the Kama clays, a view which has already been advanced by me 
from stratigraphical reasons, and which has already received some 
support from Noetling’s reported discovery of Oxyrhina sjmlkinzanii 
Bonaparte, in both the zones MytiXus nicobariem and Meiocardia 
metavulgaris} 


Pagan Hills. 

In addition to the above described forms 1 have recently had 
sent to me for determination the following form from the geological 
collection of the Burma Oil Co. at Yenangyaung. It was obtained 
by Mr. Macroric* from one of the lowest beds exposed in tlie Pagan 
Hills. 

The Pagan Hills are situated about twelve miles north-east 
of the Singu anticline and arc reported by Mr. E. Grimes to con- 
sist of beds of the Pegu system of which neither the top or bottom 
beds are exposed." 


1 Sujtrfh I’iige 288. 

2 Grimes, G. K. : Geology of parts of the Myiiigyan, Magwo and Pakokku districls - 
Metnoira, Oad. Stirv. hid.. XXXV 111, p. <»6. 
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Carcharodon anguslidens Agassiz. — The species is descrihed by 
Agassiz as follows : “ It is distinguished from most other fomis of 
Carcharodon by its very slender shape. Its shape is that of an 
isosceles triangle, and seen in prohlc from the side view it is prac- 
tically vertical. Its thickness • decreases insensibly towards the 
apex. The external face shows a slight longitudinal ridge which 
extends to the apex. Towards the lateral margins the same face 
is depressed, which gives it an apy^oarance of being undulated. 
The inner face is convex. The marginal serrations of the enamel 
are distinct and uniform. The angle formed by the ‘ bourrelets 
latcraux ’ and tlie principal cone is acute whereas the angle in 
other species, and notably in Carcharodon awiculatus is a very 
open angle.” 

The specimen figured (PI. 26, fig. :\) is very similar to the form 
figured by Agassiz on Tab. 30. fig. .3, under the name Carcharodon 
lanceolatus^ but which he afterwards referred to tliis species (Poiss. 
Foss., Vol. Ill, p. 255). The s})ecinicn figured by me however has 
sufficient of the ruot and ‘ hourrelet lateral ’ ])reserved to prevent 
aiiy confusion between tlu' I wo forms. 

A. Smith Woodward, in his catalogue of the fossil fishes in the 
British Museuru ( 1 8S9), classes, amongst other forms, the C. angiis- 
iidens, C. laneeolatus, and (\ rnegalotis described by Agassiz, as 
synonymous witli Carcharodon auricidatus Blainville ^ ; but Maurice 
Lericlie, iii his paper on ‘ Les Poissons eocenes do la Belgique’, 
published in 11)05 disagrees with the synonymy suggested by A. 
Smitli Woodward and takes away from the list of forms which lie 
published as being .synonymous, with Carcharodon aiiricaUitus Blain- 
ville, the following • 

Ca rcharod o n a i igusli d e m A ga ssi z . 

Carcharodon targidus * ,, 

Carcharodon lanceolatus , , 

Carcharodon megalotis 

Since tlierc; is a majority of opinion against the synonym 
suggested by A. Sjiiitli Woodward, I have described the forms 
C. angiistidens Agassiz, lanceolatus Agassiz, and C. megalotis 
Agassiz, as three se{;ara<e species, rather than classing them all aa 
0. auriruUdus Blainvi le, feeling that, owing to the uncertainty 

1 L.c. jwge 412, 

« M. fjeriche: * IjCs PoUmohs ooc^iujo dc la Belgique/ J/cw. Mm. Roy. HiM. 
Belgique, 111, llK)r>. 
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which prevails, I cannot add confusion by so doing if the synonymy 
suggested by A. Smith Woodward is at any future time 
established ; whereas if I class these three forms as auriculatus 
and the synonymy suggested by A. Smith Woodward is ever con- 
clusively contradicted, I should have only added confusion and 
left it necessary for them to bo redetermined. 

The type form C. angustidens described by Agassiz com.es from 
the Eocene of Kressenberg , though not frojn the same bed as the 
,type specimen of C. lanceohim Agassiz. 


EXPLANATION OF PLATES. 


Platk 2"). 

Figs, 1, 2, 3 . — Carcharias (Aprionodon) ap., uatiuiil sizt'. 

Fig, — Same twice, twice natural si/e. 

„ 4 . — Carcluirius (Prionodon) sp., natural size. 

„ 5 . — Oaleocerdo lafidms Agassiz, natural size. 

„ 6 . — Car char odon rtiegahdon Agassiz, natural size. 

Figs, 7, 8 . — Ilemiprislis serra Agassiz, natural size (l^idaiikpin). 
Fig, 9 . — Oxyrhrrm spallanzanii Bonaparte, natural size (Minbu). 
„ 9a. — Same tooth, back view’. 

„ 10 . — Oxyrhina spallanzanii Bonapartts natural size (Minbu). 

„ 10a.— Same tooth, back view. 

„ 11, — Otodm appeMdiculatus Agassiz, natural size. 

„ 11a. — Same tooth, back view . 

„ 12. — Garchiarodon tmgalotis Agassiz, natural siz(‘. 

„ 12a, — Same tooth, back view. 


Plate 26 . 


'I’cctli from Singu Oilfield ^d Pagan Hills. 


Figs, 1, 2. — Oxijrhinu spallanzanii Jltuiaparto. 

Fig, 3. — Carcharodon angmlidcns Agassiz. 

„ 3a. — „ „ Agassiz (inncM face) 

„ 36.— „ „ „ (side view). 


„ 4 . — Carchirothn lanceohtus Agassiz. 

„ 4o.~ „ „ „ (inner taw). 

„ 46.— „ „ (side view). 

Figs, 5, 6, 7. — Carcharias (Apriomdon) frequens, Dames. 

Fig, 8 . — Carcharias (PrionrHlon) egertani, Agassiz (inner face). 

8a.— „ „ „ „ (outer face). 

Figs, 9, 10, 11 . — Carcharias (Prionodo^i) egertoni, Agassiz (inner 

face) 



Part 4.] 


Stuart: Fossil Fish Teeth from IJyrma. 


301 


Fig, 12. — Carcharifis {Prionodon) collala (ex Cope MS. 

„ 12a. M • 9* (liincr faoo). 

„ 13 . — Ilemiprialis sirnpUix, u. sp. (V). 

„ 1 : 10 .— „ „ „ (inner face). 

„ 13&. — „ „ „ (side view), 

,, 14. — Hemiprisfis surra, AgasHiz. 

Plate 27. 

Vertical weetion of FIeni.ifri&f'i^ simpler^ ma-gnilicd sixteen 
diameters. i 
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The Northern Part of the Yenangyat Oilfield. 
By G. de P. Cotter, B.A. (Dub.), F.G.S., Assistant 
Superintendent, Geological Suroey of India. (With 
Plates 28, 29 and 29a.) 

M y visit to the Yenangyat Oilfield took place in March and April 
1908. Since the field has already been mapped by Grimes.^ as 
far as the northern limits of Blocks 1 and 2, this paper will deal chiefly 
with the portion of the field which lies north of these blocks. 

As far north as Block Idl, the Yenangyat Hills rise sharply from the 
plain, forming a steep scaip along their eastern flank. To the north of 
this block, the hills sink gradually and the surrounding country rises to 
meet them, so that the range becomes indistinct and eventually dies out, 
The whole area is waterless, uninhabited, and covered with a thin junghj. 
The Pegu series, or as it has been termed by Grimes, the Miocene 

outcrop, extends as far north as Thangyi 
l*ea:H Bt'rts. 22' 40" N. ; long. ‘»4° 4:V 

21 E.), where its topmost bed, the White Sand, can be seen exposed on 
the anticlinal crest in stream-beds to the north of the hill, and Tunning 
from thence southwards on both sides of the hill, to form the western 
and eastern boundaries of the outcrop. This bed, the brilliant colour of 
which is due to the presence of kaolin, being considerably softer than the 
rocks above and below, is usually exposed in deep stream -beds coinci- 
dent with the strike of the rocks, and attains a (.considerable thickness in 
the northern part of the field, being overlain, as at Yonangyaung and 
Singu, by a Red Eai*th bed, which changes fretpiciitly to a red con- 
glomerate with white quartzite pebbles. 

South of Yenangyat village, specimens of Cyrma kodaumjtmu Noetl., 
and a species of Melania have been collected from this bed by Mr. Sethu 
Rama Rao, and in the noith of the field I have found in it abundant 
vertebrate remains, chiefly crocodilian. 

The exact similarity of the White Sand bed, and also of the red bed 
above it, to those of Yenangyaung shows that they are of the same 
horizon, and we may therefore regard the White Sand as the topmost 
bed of the Pegu series. 


1 Qeol. Suro. Ind.f XXVll, p. 30. 
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The White Sand bed in the northern part of Yenangyats is underlain 
by A series of beds between three and four hundred feet thick, to which 
no corresponding types are found at Yenangyaiing. These beds are a 
scries of current-bedded buff sandstones with fenuginous conglomeiatic 
earthy bands, and are cliaiactcrised by a great al)undance of silicified 
wood, as well as of selenite ; this zone is more or less fluviatile, and is 
developed all along the western side of the antieJine ; on the eastern 
boundary, it can be tracked from Thangyi Daung to Block 1'14, but is 
missing south of this block, as w^ell as a large and varying thickness of 
bedsbeneathit, the greatest thickness of beds being absent at Yenang- 
yat village, where, according to Grimes, a thickness of only 500 ft. of 
Pegu beds is found east of the crest. 

While this fluviatile zone of beds containing both fossil wood and 
selenite is missing south of Block isolated patches of the red bed 
and White 8and which overlie it, are found at several localities along the 
eastern hoiindaiy as far south as Block GO. To the south of this block 
there is no trace of either red bed. White Sand, or of the underlying 
fluviatile zone. 

'Phe caster?! l:)ouiidary of the Pegu series is therefore a very peculiar 
one, and will be discussed later. With regard to the beds underlying the 
fluviatile zone above described, it may be remarked that the upper part 
is poor in fossils and more or less estuarine, while the lower zones near tlie 
(‘rest are of a marine type and yield a rich fauna. Tlie Pegu series in 
this !i(*ld may be divided as follows 

Zone L — White Sand bed from 10 ft. to oO ft. thick. 

Zone .2. - -Fluviatile zone with fossil wood and selenite ; thick- 
ness :ux)- too ft. 

7, one o . — Estuarine beds about l.()00 ft. in thi(?kiiess, passing 
gradually into 

Zone 4.— Marine beds of sliale and .sandstone with numerous 
fossil bands. 

In zone both marine fossils and fossil wood have been found, the 
f(!ssil-bed (containing specimens of Palanns tinlihnahnlum and Osirea) 
lying above the bed containing silicified wood. This latter bed was found 
in Block 46 at a horizon some 1 ,600 ft. below the Wliite Sand and contain- 
ed, besides fossil w^ood, a large species of Osirea and some vertebrate 
remains, chiefly crocodilian. 

Sedenite is abundant in the zone, the thickness of which is about 
1,600 ft. The zone shows pale clayey layers intei stratified with some- 
what current-bedded sandstones, with frequent ochre-stained bands. 
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Zone 4 shows well bedded sandstones and shales with numerous fossil- 
beds, the fauna of which has already been worked out by Noetling. The 
visible thickness of this zone varies, of course, with the rise and tall of 
the anticlinal crest, since the bottom is nowliero seen. 

The rod bed and Wliite Sand are clearly on the same horizoti as those 

of Singu. In the Singu field perhaps the 
tomparismi of \mls with easily recognisable fossil-bed is that 

lose 0 kill, II. (Rer. Geol. 

^iir, hid,, Vol. XXXVI, p. 147), it is about one foot in thickness, and is a 
reddish limestone band crowded with this coral, and containing few other 
species. This bed is close to the crest at Singu, and has been traced 
round the field by Mr. Sethu Rama Ran. It is very persistent, forming 
a continuous outcrop all round the crest, and lying very close to it. 
The same geologist has traced it in the Yenangyat field as far north as 
Block 15. Its depth here below the White Sand was calculated to be 
about 2,300 ft. 

This corresponds very well with its horizon in the Singu field, but 
owing to the rise of the anticline, it is at a much greater distance from 
the crest in the Yenangyat field. The occurrence of this bed in both 
fields confirms the belief that the beds exposed at the crest at Yenangyat 
are of a lower horizon than those exposed at Moksoma Kon in the Singu 
area, and the fact that the former have been regarded as Yenangyaun- 
gian by Noetling, while the latter have been mapped as Promeian, shows 
that Dr. Noetling’s division of the Pegu beds into Yenangyaungian and 
Promeian is perhaps of somewhat local value. 

The upper beds of the Pegu series at Singu are of a shallow marine 
type, in contrast to the fluviatile and estuarine characters of zones 2 and 
3 in the north of the Yenangyat field. 

The Irrawaddy Sandstone beds of the area do not call for any special 
description, as they are very similar to those of other fields. It iwS perhaps 
worth noting that Mr. Sethu Rama Ran has found in Block 28 a fer- 
ruginous bed just above the Red Earth and White Sand beds, ( ontain- 
ing fossil vertebrate remains. He believes this bed to correspond to that 
on the east of the Pegu boundary at Singu, described by Dr. Noetling 
{Pal. Ind,, Netv Ser., Vol. I, pt. 3, p. 31). He observes also that tlie 
fossil wood found near this horizon is calcified, while that of the red bed 
below it is silicified. Calcified fossil wood has also been found in the 
same horizon in the Irrawaddy series near the eastern and western 
boundaries of the Pegu out(*rop in the northern part of the field. 
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Allusion has already been made to the missing Pegu beds along 
, the eastern boundary at Yenangyat. 

Ihe eastmi boundary. The question has been discussed by Grimes 

(op. cit,) who decides in favour of unconformity. The unconformity is 
difficult to explain. The absence of the Red Earth bed, the White Sand, 
of zone 2, of part at least of zone 3, along the greater portion of 
the eastern boundary, and of the whole of zones 1 , 2, and 3 at Yenangyat 
village, shows that this unconformity is a very considerable one, 2,500 ft. 
of strata being absent according to Grimes. It is surely strange that no 
trace of such an unconformity should be found on the western boundary;, 
either in missing beds or in marked difference of dip : yet it is conceiv- 
ably possible that this may be the case. 


Another objection is that the unconfonnity, if unconformity it be, 
lies underneath the White vSand horizon in certain localities in the north 
of the field (where, as has already been pointed out, portions of the 
led bed and White Sand are found between Blocks 134 and 60, with 
missing beds below). At Yenangyat village, however, and from thence 
both southwards to the end of the Yenangyat field and to the north as 
far as Block 60, the White Sand itself is missing ; hence the unconformity 
in the greater portion of the field lies above the White Sand, and below 
it in localities in the north. A third objection lies in the fact that the 
boundary beds are broken, sometimes contorted, and dip irregularly. 
They are a mixed accumulation of Irrawaddy rock and broken Pegu 
strata, filled with selenite of apparently secondary origin. Their con- 
dition strongly suggested faulting to me. 


A fourth objection is that nowhere have I observed signs of erosion, 
such as water worn boulders, or pebble beds or other evidence suggesting 
unconformity along the eastern boundary. Some bed representing an 
old soil or beach might conceivably mark a line of great unconformity. 
Grimes, in discussing the question, says “ That it is not faulted is, I 
think, evident from the very steep, almost vertical, dip of both scries, 
so that if the difference in thickness of the Miocene beds were due to 
faulting, the throw of the fault must be very great, and so much so as to 
be out of the question.” This objection of Grimes is certainly valid 
against the supposition of a down throwing fault with a steep or vertical 
hade, but not against a thrust-fault with a moderate or considerable 
hade to the west. If there be a thrust-fault here with a hade to the west 
we might expect to find beds bent round so as to dip west along the plane 
of hade. Such beds are seen in a section along the cart-road to the 
Burma Oil Company’s bungalow on Block 134. The section is given 
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below. It will be seen that in this section the line of possible fault 
should be placed a little to the west of the Pegu boundary. Filsewhere 
it coincides with the boundary. 


E. I S W. 



In this section the Ked Earth bed, the White Sand, and some of zone 2 
are exposed on the east, the dip being somewhat irregular near the fault. 
At the fault the beds are contorted, and there is an ex])osiire, showing 
them dipping gently west. West of the fault, we find the normal easterly 
dip, until the crest is reached. 

Strata dipping west can also be observed in Block 60, where the sec- 
tion is rather similar, but the fault is on the boundary. 

Although the beds near the boundary dip steeply and almost verti- 
cally (except on the actual line of fault, where they can be seen occasion- 
ally to dip gently w'est), the beds near the anticlinal crest and east of 
it, dip at angles usually less than 60° to the east. There is a somewhat 
sharp transition from the gentle dips to the steep, which from Block 0 
to Block C can be traced as a sharp fold. Sections of this fold are well 
exposed on the footpath to No. 7 tank, Burma Oil Company and also 
close to Ayadaw village. A great objection to the explanation above 
given is that it seems unlikely that a thrust-fault should occur in 
strata so little contorted or disturbed as those of Ycnangyat. Local 
unconformity between the two series is found at Yedwet and else- 
where ; and the anticlines of Yenangyaung and Yedwet were evidently 
formed by very gentle forces. It may, therefore, seem improbable that a 
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thriLst-fault slioiild occur in this area. I wish to leave the question un* 
decided, and although it lias been shown that there arc some difficulties 
in accepting (Trimes’ explanation, I should wish the alternative given 
above to be regarded merely as a tentative suggestion, which can be 
decided by some future geologist better qualified than myself to deal 
with the subject. 

relations of the surface and underground creste of this field 
have been discussed by Pascoe {Rec. Geol. 

The eresf. y^, XXXIV, p. 25:}), and it will 

be sufficient to describe the direcfion and rise and fall of tlie crest in 
the north of the field. 

Prom Block BH northwards, its direction is 23° W. of N., and it is 
sinking rapidly, the Pegu series disappearing under Irrawaddy rocks at 
Thangyi Daung. The anticlinal stnurture is seen in Irrawaddy strata in 
sections on the Panic- Pakokku road, where the crest crosses near the 27th 
milestone. Southwards from Block 134 to Block 50, the direction is 
20° W. of N. In the Ye-ga bloc^k (Block 48) immediately south of 
Block 50 the crest suddenly changes its direction to S, — N., and in 
consequence of this the strata near the crest on the western side have 
become squeezed up, tlie dips near the crest being much steeper than 
tho:;e taken from strata 1,000 ft. west of it. This change in strike is 
indicated in PI. 29. 


In Block 12.‘b the crest is rising to the south at a slo]>c of less than 2° 
according to observations taken with prismatic compass and Abney level. 
It continues to rise as least as far south as Blo(4v 07. (Irimes speaks of a 
crest-maximum in this block, on the Sabe-Ledaing cart-road. I have 
found no evidence to corroborate this. The Pegu outcrop gradually in- 
creases in width to the south. The dips taken in the blocks south of 07 
(lid not suggest that the anticline was sinking southwards. It would 
however be ue(*cssary, I think, to decide this point by mapping 
recognisable beds by means of large-scale maps, and the largest scale 
available being on a scale of I iiicli - 1 mile, 1 was unable to decide the 
(piestion. 


The country to the nortli of Block 131 may be condemned, since 
p ^ ^ . the crest sinks too rapidly. From Block 

lospic s 0 01 . southwards the country seems worth 

testing ; the blocks will probably increase in richness to the south at 
least as far as Block 67, owing to the rise of the anticline. 
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On some Iron Ores of Chanda, Central Provinces. 

By P. N. Datta, B.Sc., Assistant Superintendent, 
, Geolo^al Survey of India. 

I N the nortli-eastcrn quarter of the district of Chauda, Oeatral 
Provinces, surveyed during the season 1907-08, iron-ores 
were found in three localities, viz., (1) Lohara, (2) Asola, and (3) 
Dewalgaon. 

(1) Lohara (20° 24', 79° 46' 30"). — The Lohara ore (specimen 
K. 254) was reported on by the late Mr. Hughes of this Department 
as long ago as 1873. He refers to it as a compact crystalline 
haematite or specular iron ore with some magnetic oxide. Al- 
though he describes the iron-mass at Lohara as striking, forming 
a “ hill fully §th of a mile in length, 200 yards in breadth and 
100 to 120 feet in height,’’ he was not able at the time to follow 
the lode southwards, though he thought that the length of the 
lode might exceed several miles.' TTie ground was further ex- 
plored during the last season with the following result : — The lode 
as mentioned by Mr. Hughes forms a hill. Tlie northern extrem- 
ity of this hill, where the ore is first found well exposed on 
coming from the northern direction, lies about \ mile south of the 
little hamlet of Lohara, the strike of the hill — wliich is also that 
of the lode — being in a north-east by east to south-west by west 
direction- The hill as one follows it south-westwards loses in 
height until at about miles south-west of Lohara it becomes 
quite low, being thenceforward further traceable only as a very 
low ridge. Southwards it passes through Aliwahi (20° 22' 30", 
79° 45') and, gaining somewhat in height i mile further south, 
finally disappears about a mile south of the village. The iron- 
bearing rock band either dies out here or is concealed by alluvium ; 
the former contingency is the more probable one, for close to 


1 Rec. a. N. /., VI, p. 77. 



309 


P ART 4.] Datta ; Iron Ore of Chanda. 

its southern visible extremity a granitoid gneiss is seen to crop 
out. 

^rhe roolv of the band, as seen at this southern extremity, or 
by the village of Aliwahi, or about a mile east by north of it, is 
a haunatite-quartz-rock, somewhat laminated or foliated — the quartz 
and hjematite making up the rock — ; but the proportion of silica 
is so large in these localities as to render it valueless as an ore. 
So although the actual length of the lode may be slightly greater 
than is indicated in the estimate furnished by Mr. Hughes in Ws 
report, his expectation that it might prove several miles long has 
unfortunately not been fulfilled, though, as it is, the quantity of 
ore available must be very large. According to an analysis pub- 
lished in the Colliery Guardian, the chemical composition of the 
ore is as follows 


Iron, metallic . 

69-208 

Oxygen, in combination . 

29-376 

Manganese sesquioxide 

. . . . -090 

Silica .... 

-823 

Alumina. 

-432 

Lime .... 

-064 

Magnesia . 

trace. 

Sulphur .... 

*012 

Phosphorus 

•006 


100-000 


(2) Asola (20'’ 13' 30", 70° 52').'* — Asola is a little hamlet 2 miles 
south-east of Gunjewai. The ore, consisting of liamiatite, occurs 
on the northern edge of a low hill striking north-west — south-east, 

^ Gollierj/ (rvardian, September 13, 1873. 

2 Samples* from this and the succeeding locality (Do\valg»T»on) consisted of 
chips, which vvero broken off from the parent-mass, at inter v»als, all along 
the length of the exposures. All the fragments of the ovo thus collected 
wore hfl^nded over to the Curator of the Geological lAaboratory for assay ; for 
the samples collected were not largo (it was difficult in places to break off 
more than a chip or so, with the ordinary hammer, owing to the hardness 
of the rock), and no coning and quartering had been attempted in the field. 
The average weight of the samples was probably about 30 lbs. from each 
locality. From each of the fragments of rock one or two pieces (according 
as the apocimen w^a-s small or large) were chipped off ; these cliips were then 
coned and quartered, and the portion for analysis thus selected. 

E 9 
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which is also tlic striho of the lode, its dip being 35*^ to 40® to 
the north-east. The lode li(\s about 1 mile north-west of Asola 
and I J miles south by (rast of (lunjewai. Mr. Hughes in his report 
on the Wardha Valley (^)al{5eld simply refers to it as the Gunjewai 
lode, giving however no details.^ As Gunjewai, though hitherto 
a large village, is now doomed to insignificance or disappearance 
on account of the great irrigation tanh at present in execution at 
Asola which will thus become lumceforth well known, I have indicated 
tlje lode as the Asola lode. 

The lode is traceable on the surface for about 400 yards, with 
an average thickness of 30 to 10 feet. 

Analysed at the Gcologicjil Survey i.al)oratory (Specimen K. 253) 
the percentage of metallic iron was found to be (>5-09 and of silica 
3*89. A complete analysis not having been made, it is not known 
what minor constituents might be present in the ore. 

(3) Dewalgaon (20® 24', 80® 1' 30"'). — Half a mile south by east 
of Dewalgaon is a bare bluish-black crag, formed of quartz with 
haematite. The proportion of iron in the rock as broken off 
from this crag is so small that it cannot be regarded as an ore. 

This proportion, however, evidently varies, and this variation 
must be fairly rapid in places ; for piecjes of what is a valuable 
iron ore, found buried beneath the soil, the. result no doubt 
of weathering, are now dug out (and have been so for many years 
now, so far as T could gather) by men and woiikmi, from the 
southern foot of the crag, tf) be. smelted. 

About the village of Dewalgaon itself, two lodes of hoornatite 
were discovered, one being about 100 yards north-west and the 
other about 400 yards south by east o*" the village. These may be 
conveniently referred to as the (i) North-western, and (?'/) Southern 
lodes. 

(i) Nortli-wcKstern lode. -The ore is a luematite and so far as 
it is exposed, the lode is 255 feet long, \vith a thickness of 4' G". 
But, for a length of 30 feet (out of the 255 feet), the thickness 
increases to 9' (Y\ Owing however to alluvium and soil of culti- 
vation it is impossible, without actual excavation, to say whether 
the lode extends further in length and breadth. The dip is west by 
south at 50®. 


1 Mem, G* S. XHI? pt. 1, p. 110, 
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Partial analysis in the Geological Survey Laboratory gave 61*2 
and 11*01 as the percentages ol metallic iron and silica respectively. 

(ii) Southern lode. — The visible northern extremity of the lode, 
also a haematite (K. 256), is about 400 yards south by west of 
the village and is traceable south-eastwards for about 300 yards, 
with an average width of 20 feet. Beyond this point, i.e., to- 
wards the south, the rock becoim\s less ferriferous, as seen on the 
crag already alluded to. TJie variation in the p(?rcentage of 
iron in tlie rock must be somowliat capricious, for at the southern 
foot of the crag an on* of a fairly good (piality has been and* is 
at the present day dug out from underneath the soil, indicating 
that the outcrop, though it insy be unpromising at one spot, 
may yet yield a fair ore, even in its immediate* nenghbourhood. A 
little further sout}i.-(*ast from the foot of the (irag, the rock becomes 
a pure quarU, free* from association witli iron. 

(.'hoinical analysis in the Geological Survey Laboratory gave 
67*76 per cent, ol metallic iron and 1*50 per cent, of silica. 

Whether the north-west lode is continuous with the southern 
one, it is not possible to Im' ])erfectly certain, without actual ex- 
cavation. The village itself shows nothing but lateritc ; but as 
this lateritc is very like that into wliiclv a portion of the north- 
west lode was (*4c.arly found to have been converted, it is very 
probable that the village stands on a lode, being the connecting 
middle portion between the north-west and south lodes. 

The following statement as to the deposits of iron ore of Bissi, 
Pipalgaon and Katnapur as given by Mr. Hughes in his paper on 
the Iron Deposits of Ghanda may be added here, as this will make 
a fairly complete stat(*ment as to the occurrences of iron ores in 
the district, so far as yet k^iown : — 

" Bissf. -Long. 79 ' 28' East, and Lai . 20" 3i)' North. — The ore 

occurs in a hale about a niile directly east of the 
village and contains luematile and jnagnetie oxide 
of iron.'’ 

“ Pjtal(;aon. — fjong. 79^ 34' East, Lat. 20' 32' North.-- An exces- 
sively line mass (»1; red luernatite, resembling that 
which occurs at Lohani, and having probably the 
same composition, is to be seen about three-quarters 
of a mile ('ast of PijK\lgao]i. Tlie strike* of the lode 
is west-north-west, east-south-east.” 



312 Records of the Geological Survey of India. [Vol. XXXVIII. 

“ ftATNAPtjn- — Long. 71)® .37' East, and Lat. 20® 2.3' North. — A 
very rich lode of brown iron ore, forms a terracje 
on the north side of the small range of hills 
facing Alisur. The width of the lode in places is 
40 and 50 feet.”^ 

Pipalgaoji ore, ah analysed by Mr. Nostf^: — 

Protoxide of iron 
Peroxide of iron 
• Linio 

Magnesia 
Phosphorus 
Sulphur . 

Silioa 

Water traces and 


31-5 

•5 


trace. 

do 

do, 

4-5 

•5 




not estimated. 


Haimpur ore : — 


100*0 

metallic iron 71*05. 


(1) Analysis by Mr. Ness — 

Metallic iron 49*7 

Insoluble 26*0 

(2) Analysis by Mr. IVeen — 

(а) Metallic iron . . . . . . . .00*5 

Insoluble 22*8 

(б) Metallic iron .52*0 

(3) Analysis of laterite near liatnapur — 

Metallic iron . . . . . , 26’ 1 


Yenak Hilh — (■ongloineratic bands in this hill contain pebbles 
of hsematite, with 5(3*3 to (>8’5 per cent, of metallic iron, and with 
mere traces of jihosphorus and no maugaucse.'^ 


* Jiec, (L S, VI, p. 78. 

2 Mem, (>, *S'. /., XIII, pt. 1, p. 111. 

3 Mem. G. iV. XIII, pt, 1, p. Ill, 
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The Geology of the Aden Hinterland. By Captain 
R. E. Lloyd, M.B., D.Sc., l.M.S., late Surgeon- 
Naturalist, Marine Survey of India. (With Plates 

JO to 4J.) 

T hese notes were made after a tlu*ee weeks* tour in the Ad«i 
Hirittu’land, wldcK wus taken at the instigation of the Politi- 
cal Resident of Aden, Majcirdierieral H. M. Mason, during the early 
part of 1900. The opportunity for making this tour arose imexpect- 
edly, so that I was unacquainted at the time with the previous work 
on the geology of the Aden district. My attention has since been 
drawn to two papers on the geology of Aden and the neighbour- 
hood. Mallet^ examined the crater of Aden, and the ilesert country 
to the north as far as the foot-hills, with reference to the advis- 
ability of sinking artesian w'clls in the district. He writes : “ from 
Majhafa, I march<*d nearly due north to the foot of the hills, but 
on acc.ount of the disturbed state of the country I was unable to 
enter them.” He tvas, liowever, able to examine the outlying hills 
and described in them a thick sedimentary series of limestone and 
superimposed sandstone. The limestone contained fossils, which 
were referred to by Dr. Stoliczka, in the following words : “The few 
fossils appear to resemble most upper jurassic forms, though the 
same genera also occur in lowtu* cretaceous be^ls.” 

McMahon^ has described the petrological characters of lavas taken 
from the Aden crater, about wliich nothing is here recorded. 

'riie line of trountry examined by the [>resent writer extends 
due north, frtuii Aden on the coast to the town of Dala, ninety 
miles inland. The southern half of this is a flat desert devoid of 
outcropping rocks ; it was described by Mallet. 

At the time of my visit it was possible to travel forty miles 
through the hills to llala : although to wander from the road to any 
extent was still considered unadvisable. The road enters the foot- 
hills at the village of Nobat Dakim and gradually ascends to Dala, 
which lies among hills six cu seven thousand feet in altitude. 


i Mem.. Gf-n!. Surv. India, VIT, ]». 'lal, (1871). 
- Grid. ISnrv. India. XVI, p. I4r>, 
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i A short description of the geology of the hills seen on the road, 
with a somewhat fuller description of the rocks immediately round 
Dala, form the subject of these notes. The rocks may be divided 
at once into two divisions, a sedimentary series of limestones and 
sandstone (previously docribcd by Mallet), and a more recjent 
igneous series, which, in this part of the country, is represented in a 
much wider area than the sedimentary rocks. The igneous rocks, 
comprising more than nine-tenths of the area examined, will be 
described first. 

c For descriptive purposes they may be separated into three divi- 
sions : — 

(1) The horizontally bedded lavas. 

(2) The beds of volcanic ashes. 

(3) The massive lava. 

1. — The Bedded Lavas. 

Rocks of the first division are best seen in the immediate neigh- 
bourhood of Dala. The town' ofDala is situated at the southern 
end of an extensive plain, which is about 10 mil(\s in length from 
north to south, and 3 or 4 miles in breadth at its southern end, 
but which widens out considerably towards the north. This plain 
slopes gently to the north and is surrounded, except at the »iorth- 
west comer, by a rampart of hills, rising two or three thousand 
feet above it. On the west the plain is bounded by a grou]) of 
hills known as Jabal Jihaf. This range does not join the northern 
boundary of the plain, being separated therefrom by a wide gap, 
through which the drainage of the whole area leaves by the Katal)a 
stream to join the Wadi Tiban (sec map and Vlate 31). The 
northern boundary is a long escaipment which marks the southern 
limit of the Mares and Shaibi districts. The eastern end of this 
escarpment curves in a southerly direction to join a range called 
Jabal Harir, which forms the eastern boundary of the plain. Tin*/ 
Dala hills, on which the town itself is situated, mark the 
southern limit of the plain. These hills are v(?ry uniform in struc- 
ture, consisting of layers of compact black lava, alternating with 
layers of amygdaloidal lava. 

The latter is usually in a soft cruml)ly condition and weathers 
away readily, leaving the layers of compact lava standing out in 
relief. 
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From the alternation of these layers a very distinct appearance 
of stratification results, which is best seen on the northern aspect 
of the hills, where they face the plain (Plate 30). 

Immediately around Dala thc-selava flows dip towards the south 
at angles of 20® to 30®. To the west, where the Dala hills are con- 
tinuous with the Jabal Jihaf range, the layers dip to the south- 
sonth-west and south-west at similar angles. Further to the north 
in the direction of Sana and beneath the northern end of the 
Jabal Jihaf are low hills of a similar structure, the component 
layers of which, although somewhat irregular as regards plaile 
of bedding, show a general tendency to dij) to the west. In con- 
sidering these rocks as a whole as regards direction of dip, it will 
be notic^ed that this is along lines arranged radially away from an 
imaginary point situated near the middle of Dala plain. 

Ilegavding the direction of dip in the escarpments of the Mares, 
Shaibi and Harir districts, nothing can be said from personal ob- 
servation, as it was impossible to visit them : but to an observer 
standing in the middle of. Dala plain, the appearance of these escarp- 
ments is that of a series of horizontally disposed strata (Plate 31). 
A similar horizontal appearance is offert‘d by the Dala hills from 
tlie same point of view. These latter hills, as above mentioned, 
ilip to the south, and south-west away from the centre of the plain, 
and it is prol.)ab]c tliat the strata composing the escarpments of 
Mares, 8haibi and Harir also dip away from the (ientre of the 
plain in a north and north-easterly direction as they would if 
deposited from a centre of volcanic, activity situated near the 
middle of Dala jflaiii. 

zVs previously meiitioned, the stratified appearance of all these 
rocks is due to the alternation .of coiupact lava with soft ainyg- 
daloidal rock. The (^ompaeJ. lava, wliicli is the. p’-edominant rock 
of the neighbourhood, is tough and black, with porphyritic crystals 
of a translucent greum mineral. Mr. H. Walker of the Geological 
Survey of India has kindly given me the following description of it. 
“ A porphyritic dolerite of medium grain. Olivine occurs in large 
idiomorphic crystals, and augite occurs in two generations ; the older 
as a large porphyritic one and the younger as a fine granular gene- 
ration. The rock is fresh.” The layers of tin*, rock vary in thick- 
ness from one to twenty feet. These layers or sheets of lava 
extend laterally over a considerable distance, as much as half 
a mile or more in some cases, though many arc of less extent. 
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They terminate laterally by thinning down and passing into the 
rotten amygdaloidal rock. This latter appears to be of similar 
composition to the compact lava, but contains innumerable 
globules of a white calcareous mineral, which are assumed to be 
steam vesicles filled by infiltration. 

Besides the bedded lava there occurs a compact fine-grained 
trap devoid of porphyritic crystals ; this is disposed in vortical dykes 
intrusive into the other rocks. These dykes are often about 3 or 
4 feet in thickness and in the neighbourhood of Dala lie approxi- 
mately east and west. 

Bedded lava with intrusive dykes is the j)revailing rock in the 
immediate neighbourhood of Dala. The several isolated hills on 
the Dala plain such as Jabal Shahad, Jabal Asoda are of this com- 
position ; and judging from the appearance they present in the 
distance, the escarpments of Mares, Shaibi and Harir arc of a simi- 
lar nature. In regard to their origin there seems little doubt that 
they were formed sub-aer'ally by successive lava flow's, the central 
part in the thickness of each flow forming the compact layer, above 
and below which the lava is amygdaloidal. The regularity with 
which these layers dip away from a point about the middle of 
Dala plain, suggests the view” that the successive lava flows issued 
from a crater whose axis occupied this i)Osition. And further it 
seems that except for extensive erosion and sliglit mineral clianges, 
the rocks have not been much altered since the dat(* of their depo- 
sition. 


2. — ^The Beds of Volcanic Ashes. 

These occur locally to the south and west of Dala ; they are 
to be found on the road from Dhla to Dabiyat about four miles 
from the latter place, also on Jabal Jihaf, both close to the Dala 
plain and in the neighbourhood of Kama, where the newly inadti 
A1 Hakl road has been cut through them. Thi^se rocks catch the 
eye at once, owing to the brightness and variety of their colours : 
light green, pink, red, yellow, buff, clialk white and other tints. 
Although differing greatly in colour, these various rocks resemble 
one another in being finely stratified. Their smallest particles 
usually show a horizontal arrangement. These beds are never dis- 
posed horizontally, but dip at pronounced angles, usually less than 
30 ^^. 
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In Jabal Jihaf they dip to the south-west, but towards Dabiyat 
they can be seen dipping towards any point of the compass, and 
occasionally beds of one colour lie unconformably over beds of 
another colour. The ash beds of Jabal Jihaf show an interesting 
feature in the form of narrow layers of light brown siliceous rock. 
These layers arc about () inches in thickness and lie a few feet 
apart. They show well marked foliation, and conform in position 
to the beds of ashes among which they lie. 

These brightly coloured rocks were probably formed from volcanic 
ashes, in part air borne perhaps, but chiefly mixed with water in 
the form of volcanic alluvium or aqueous lava, the siliceous 
bands being deposited in the form of siliceous sinter from hot 
springs, during the formation of the ash beds. They seem to have 
been little disturbed since the time of their deposition. 


3. — The Massive Lava. 

I'hese rocks being situated above the others have an important 
influence on tho appearance of the country. They form plateaux 
and pinnacle-rocks which give a characteristic appoaraTice to the 
landscape. 

(}ood examples of plateaux are seen in Dabiyat and Mafari ; 
these are flat-topped hills of considerable area situated to the south 
of Dala. That of Dabiyat is about V> square miles in area. They 
are bounded on all sides by perpendicular cliffs about 200 feet 
in height, composed of compact grey dolerite, which thus forms 
a flat (Jap to the lull, resisting erosion and giving to the hill its 
characteristic shajje. Both plateaux are about 6,000 feet above sea 
level. Th(‘y are only six miles apart and must have result(?d from 
one great sheet of lava of many inilcvS extent. 

Many of the point(>d hills in the Jabal Jihaf group are also 
capped with 100 feet or more of this same lava. 

Besides occurring in the form of plateaux and points capping 
the summits of the higher hills, the massivt; lava occurs not un- 
conmionly in the form of pinnacles wliich appear to be eroded necks 
of lava occupying the lesser volcanic vents. A good example of 
such a pinna ule rock is seen about a quarter of a mile to the north 
of the Dabiyat plateau (Plate 32). Here the coloured ash-beds are 
to be seen sloping away from the central column of lava. 
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Tlie elevated position of these plateaux and pinnacles show that 
the massive lava is of a latter date than the rest of the volcanic 
series. Probably at this later date a great outflow of lava occurred, 
filling up the numerous smaller vents and forming an extensive 
sheet over the whole district. This probably brought the active 
volcanic period to a close and there has been little change since, 
except for the extensive erosion required to bring the hills to their 
present shape. 

Before concluding the description of the igneous series the com- 
ilioncr infiltrating minerals, prcvsent in tliesc rocks, must be mcii' 
tinned, (^alcite in various forms is the most (iommon. Nests of pure 
calcitc crystals are frequently met with. The white mineral which 
occurs throughout the amygdaloidal lava has a calcareous basis, 
though it is not entirely soluble in strong acid. Quartz, both in 
crystalline and milky chalccdonic form, occurs more rarely. Hseina- 
tite is very commonly diffused through the rocks, but is rarc^ly JJiet 
with ill any quantities in a pure form. 

The Sedimentary Bocks. 

Sedimentary rocks were met with at two places : in the valley 
of the Bilih between Nobat Dakim and Mmilah and to the i'-ast 
of Sulaik in the valley of a stream which flows down from the vil- 
lage of Masra. At both places the rocks are of the same naturi^, 
consisting of a fossiliferou^ limestone witli a superimposed sand- 
stone of considerable thickness, both altered by contact with tlie 
later igneous series. The sedimentary rocks are best displayed on 
the south side of the Masra valley, two miles from Sulaik Fort. 
Here the limestone is liighly fossilife.rous and the sandstone is S(Mm 
resting upon it. 

The limestone is composed of compact layers of stoiu*. which 
vary in thickness from 2 or 3 inches to as many feet. These layers 
alternate with softer shaley bands which weather away, leaving the 
harder rock in relief. The surface colour of the rock is light grey. 
In outward appearance it presents, as a whole, a close resemblance 
to the lower Lias as seen in the sea cliffs of Dorsetshire. The 
resemblance does not extend to the internal structure, however. 
This rock is very tough and breaks often with a semi-conchoidal 
fracture. A fresh fracture shows a dark, almost black, surface, with 
some crystalline sparkle. At the place where it was examined the 
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limostono dips to west at an angle of 25®, forming part of an 
open aiiti(ilino, whicli, owing to restrictions, was not fully explored. 
Not more than 500 feet of tlie limestone was seen, for its lowest 
part was lost beneath the river bed. The change from the lime- 
stone to the sandstone is rather sudden. Towards the upper part 
of the limestone tlie shaley beds predominate, but layers of compact 
limestone occur only 15 feet below the typical sandvstone. 

Fossils abound in this limestone. Good specimens however are 
difficult to obtain, for on breaking the rock the fractures usually 
pass through tlie fossils. From the weathered surface several fossils 
were obtained ; they include three spcc/ies of ammonites, belemnites 
of more than one sp(*cies, tin* joints of Pmlaermus, and molluscs 
of the genera Trujonm. Pimia, Perten, and a gasteropod. 

The Trigonia closely resembles T. codata. Those fossils are of 
Upper Jurassic age and are described by Mr. G. It. Tipper on pages 
336-^340. 

The thickness of the sandstone in the Masra valley must be 
at least 2,000 feet. It shows a well marked plane of bedding which, 
like the limestone, dips to the west at ah angle of about 25^^. The 
colour of the fresh surface is generally a light buff, in places it is 
almost white with a ])inkish tinge, in other places it shows red mot- 
tling from iron. The individual sand grains are rather coarse and 
in many places the rock could bo described as a coarse grit. 
Throughout, the sandstone is very compact in structure, the indivi- 
dual grains cohering very firmly, and lo(‘ally this peculiarity is so 
marked that the rock becomes, a quartzite. The structure known 
as false bedding,” characteristic of shallow water deposition, is 
frequently seen. Towards the upper part of the sandstone, beds 
of small })ebbles occur ; these are generally of pink or white semi- 
translueent quartz and are obviously water-worn. No signs of 
organic remains were met with in tliis sandstone. 

The highest part of the formation is seen at the western end of 
the valley, about half a mile fromSnlaik Fort. Here some interest- 
ing features appear. Interstratified with the normal sandstone are 
beds composed largely of volcanic fragments, pebbles of lava, and 
coarse ash, intenningled with (piartz grains ; all clearly of aqueous 
deposition. Examination of this part of the series leads to the 
assumj)tion that the volcanic period gradually succeeded the depo- 
sition of the sandstone withoui. the intervention of any great space 
of time. 
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The sodimentaries in the valley of the Bilih are of the same 
type as those of Masra, but it happened that they were less acces- 
sible for examination. The limestone of the Bilih is more massive 
and less shaly than the other, the fossils in it are fewer, while 
trap dykes abound. It is tough, black and crystalline. The sedi- 
mentaries are widely represented to the east and west of the lino 
of country examined. 
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Introduction. 

From thfi iritc-Tcstiiig notes supplied by Captain Lloyd on the 
subject of the geology of the neighbourhood of Aden, it appears 
evident that, apart from the products of (piaternary eruptions con- 
stituting the Aden volcano, the rocks examined belong at least to 
two geological periods. There is an older series of sedimentary rocks 
shown by their fossil contents to be of Jurassic age, and a newer 
series of volcanic rocks associated with aqueous sediments. The 
exact manner in which this association occurs is not quite clear 
from the descriptions available, but it is probable that, at least in 
some cases, the volcanic rocks represent true contemporaneous in- 
tercalations, probably of the same age as the interbedded sedimen- 
tary and volcanic rocks of Upper Cretaceous age which occupy such 
large areas in Baluchistan and Persia, where they constitute 
the local representatives of the Deccan trap of the Indian Penin- 
sula. 

Two p(unts remain slightly obscure from the available descrip- 
tions ; these are the mutual relations of the bulk of the volcani(5 
rocks to the overlying formation described as the massive lava,” 
and also the exact age of the intrusive dykes that traverse the bulk 
of the volcanic formation but are not mentioned in connection with 
the “massive lava.” 

It seems, from the published description, that the “ massive 
lava ” is almost horizontally bedded, very much after the manner 
of the Deccan trap in the plateau-forming accumulai ions of 
the Deccan and Malwa in tlu', Indian Peninsula. The (piaquaversal 
dip of the volcanic beds away from the Dala plain is regarded as 
an original feature, indicating the position of a [ormer centre of 
volcanic activity from which all the beds s1o]hh 1 away in radial 
direction. If this be really the case, the unconformity of the 
“massive lava” need not imply any great difference in age. It is 
very doubtful, however, wliether this interpretation be correct, for, 
so far as can be gathered from the descriptions, the sedimentary 
intercalations at Saleik share the dip of the volcanic rocks ; and this 
would suffice to show tliat the inclination of the beds cannot be 
an original feature, and that the structure of the Dala plain and 
its surrounding seari)ed rim is that of a dome-shaped anticline of 
tectonic origin, w'hose structure has been acquired long after the 
accumulation of the volcanic series, and which is analogous in dis- 
position and origin to similar features observed in certain parts of 



Part 4.] Vreiienbubo : Petroiogif of Adm Uintnhtd. 32S 

Western Siiul uiul of Kaclih- That being so, the undisturbed 
‘‘ massive lava might be of much hater date, and might bo con- 
temporaneous with tlio volcanic system of quaternary age to 
which belong the Aden volcano and other volcanoes of the south 
coast of Arabia. Nevertheless, the enonnous amount of denudation 
whicli it has undergone rather favours the idea that it is a true 
member of the older volcanic fonnation, the appearances of un- 
conformity and horizontality being perhaps deceptive. 

As regards tlie intrusive dykes mentioned by Captain Lloyd, it 
is not possible, from the data available, to make certain whether 
they belong to the period of activity of the older, probably Upper 
Cretaceous volcanic rocks, or to a later period, though the descrip- 
tions rather suggest a (M)nncction with the massive lava.^* 

The numerous specimens arc mostly unaccompanied by strati- 
graphical indications and do not help therefore to elucidate these 
^uncertain points. 

Jurassic Rocks. 

The Jurassic rocks represented in the collection are chiefly com- 
pact limestones whose colour on the fresh fracture varies from grey 
to nearly black, and whose exposed surface weathers with a thin 
somewhat buff-coloured crust, the tint becoming often distinctly 
ferruginous where certain fossils have weathered in relief. These 
fossils constitute the chief interest of the specimens, and have been 
described by Mr. T'ippcr, 

Probable Representatives of the Deccan Trap. 

There is a large collection of specimens from the older volcanic 
scries, and although there is a slight uncertainty as to whether 
some of them may have been obtained from the intrusive dykes or 
‘‘massive lava” of uncertain age, ^ the bulk of the collection re" 
calls so completely the assemblage of rocks which it is customary 
to meet with in the Upper Cretaceous volcanic formation of Balu- 
chistan and Persia, that their petrographical facies taken in con- 
nection with their evident superposition upon the Jurassic rocks 
leaves little doubt as to. their belonging to the same formation. 
Blocks of this age are largely represented in the Indian Peninsula 
by the vast accumulation known as the Deccan trap, a basaltic 
formation whose chief petrological peculiarity is the scarcity or 
absence of the mineral olivine. 
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• 

The bulk of tluj Upper Oretaccoiis volcaiiics outside the Indian 
Peninsula consists of andesites, though one frequently observes in- 
tercalations of basalts quite as basic as those of the Indian Penin- 
sula^ and occasionally rhyolites. The extra-peninsular basalts of 
this period generally contain olivine, and differ thereby from the 
basalts of the })oninsulaT Deccan trap. 


Thk Dala Colleotiox. 

Most of Captain Lloyd’s specimens have been collected near 
Dala, and they include a very complete assemblage of rocks such 
as usually characterise tlie ext^a-peninsular facies of the Deccan 
trap. 

The Dala collection includes the following types of rocks (the* 
numbers being those under which the specimens are registered in 
the Geological Museum at Calcutta) - 

Rhyolite or dcvitrified obsidian, 21-1 nib 
Rhyolites, 21-112, IM7, VM 

Rhyolitic ash -beds, non-calcareous, 21-110, 111, 113, 114, ILo, 
IK), 1.34, 135, 142, 143, 144, 145, 14()(a), 147. 
Rhyolite-breccias, 2M2(), 127, 128, 132, 133. 

? Altered andesites, 21-120, 121, 120. 

Fine-grained doleriles^ 21-131, 130. 

Ordinary basalt, 21-118. * 

Augite-basalt, 2 1-140. 

Scoriaccous amygdaloidal basalts, 21-110, 125. 

Basalt weathering splieroidally, 21-152. 

Olivine- 1 iasalt, 21-130. 

Basalt, exceptional type with epidote, 21-141. 
Olivine-porphyry basalts, 21-123, 124. 

Substances of the same type as usually occur in the large 
geodes of the Deccan trap; including • agate • and 
quartz, 21-100, 148, 149, 150-, chalGedony, 21-151; green 
jasper, 21-117; red ferruginous jasper, 21-174; red jasper 
interbanded with chalcedony, 21-13(5 ; chert and opal, 
21-169-163 ; calcite, 21-122 ; calcite stained black with 
manganese oxide, 21-162. 

Sandstones, 21-154-158. 
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AciU Rocks. . 

The above list shows that the prevailing types of rock in the 
Dala collection are either distinctly acid or distinctly basic, the in- 
termediate andesites being doubtfully represented by a small uuiu- 
ber of rather obscure speciinens. 

The acid rocks arc reprcsenti‘d by rliyolitic lavas, rliyolitc l)rec- 
cias and ash-beds. 

It should be noticed that these rocks never contain any plagio- 
clase felspar, excej)t among foreign fragments in some • of the ash- 
beds. 'J-'hey are therefore, true rhyolites, and not pseudo-rhyoliteS 
approaching dacites like certain lavas of ( Jujrut (Pawagarh Hill) and 
Kathiawar in the Deccan traj) outcrop of India. 

The proportion of silica in one of these rocks (21-112) deter- 
mined by Maliadco Ka.m, Laboratory A.s.sistant, is T’kol per cent., 
which indicates a typical rhyoilite, whilst in tlu^ pseudo-rhyolites of 
Pawagarh hill the projjortion never readies 70 pei* cent. {Rec. 
GeoL Sum Ind-^ Vo). XXXiV. p. 1.>S). * Sojne of the features 
exhibited by these rocks ai*(‘ suffi(*i(‘iitlv interesting to deserve 
special notice. 

♦ The specimen numbered 21-112 is a 

Rliyolitic. la\a}S, good example of the normal rliyolites. 

Its specific gravity is 2*17. 

The rock, in its inialti*red portion, consists of a pab* greenish-grey 
grouudmass through wliicli are seattered uutiutous porpliyritic erys- 
tals of orthoclase felspar from I 1o 1 mm. in diamet(‘r and a few 
crystals of ([uartz of about 1 mni. The felsj)ar crystals are opaque- 
w^liite, the <juartz crystals transparent. I’lie rock is altered in 
places wdierc it is stained red, the colour spreading over tfie 
felspar crystals ami recallii^g tlie appearance, of rosso antico’k 
'riio proportion of the felspar plieiiocrysts is almost one-half of the 
bulk of tha rock. 

Under the microscope, the base is o])scurely cryptocrystalline, 
profusely strewn with dust -like opaque particles not more, than 0005 
mm. in size and with fairly numerous minute crystals of quartz 
or felspar of about 0 05 to 0-1 mm. in diiv.cusioii. 

The felspar phcnocrysts sIioav crystal outline, cleavage cracks, 
but no twinning. They arc .occasionally aggregated in glomero- 
porphyiitic groups. The quartz crystals exhibit the corroded out- 
line characteristic of rhyolites. There is soinetimes a shallow fringe 
of secondary growth round the tVlspars. 
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Tho rook numbered 21-138 (Plat<‘ 34, fig. 1) is a very fresh-looking, 
lilac-coloured rhyolite, rather cavernous. It contains porphyritic 
felspars of about the sauic size as in the previously described 
rock, their proportion as co?npared to the base being somewhat 
less. Quartz phenocrysts are somewhat more abundant. Flow- 
stnicture is conspicuous both in the hand specimen and micros- 
cope slide. The nucroscopic structure generally closely resembles 
that of the ro(*h previously described. The felspars are all ortho- 
clastic, (][uite fresh, and occasionally twinned. ^The base is finely 
crystalline, this being partly the result of secondary devitrification. 
The outward appearance of the rock differs from that of the previous- 
ly described rhyolite, the porphyritic aspect being far less evident in 
consequence of the freshness of the sanidin e-felspars, which have 
remained transparent instead of showing as opaque white patches. 

The rhyolitic ash-beds, which form such a large proportion of 

Blljolltlc ask-befc e«lMon fr^ Dala, arc «^gmbc,k 

often sharply-bedded, rough-fractured 
to porcellanoid rocks, usually of a fresh bright-green colour. The 
typical members of this group of rocks arc non-calcarcous. Owing 
to their line texture, the nature of the component grains 
cannot be clearly made out by means of an ordinary lens. Und«>r 
the microscope one distinguishes fragments of volcanic quartz, 
volcanic felspar, glass and pumice. The rock is non-calcarcous'^ 
The ash-beds of Pawagarh Hill in the Indian province of Clujrat 
are very similar, but of a much less vivid colour. 

Most of these ash-beds are of a vivid light-green colour (21-110, 
114, 115, nC, 146, 147) ; occasionally they exhibit various tints 
of red, buff, grey, lilac, or white. The colouring is either uniform 
or disposed along bands parallel with the stratification. Several 
specimens are green with rod spots, and, in one instanci', (21-131), 
it is to be noticed that every one of the green patches represents 
a fragment of pumice. 

The rhyolite breccias include grey and purplish red rocks wliose 

Sliyolitf kwreias. 

hand-specimens. When examined under 
the microscope they are found to consist of fragments of rocks 
similar to those just described, together with fragments of volcanic 
glass, pumice, and obsidian. 

The specific gravity of these breccias varies from 2-47 (specimen 
21-132) to 2‘4{) (specimen 2M 27). 
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The rhyolitic ash-bods from Dala are not calcareous, but the 
breccias are often distinctly so {j)articularly the specimens 2I-12(), 
127, llh’l), calcitc impregnating the liuc-graintd dust between the 
larger fragments. 

Douhtfid Andesiks. 

« 

Captain Lloyd’s collection does not contain any typical andesites, 
tliougli there are a few specimens that may perhaps be related 
to this group of rocks. One of the characteristics of the rhyolit^^ 
rocks above dtiscribed is the absence of calcite amongst the decom- 
position products, except in the case of the * breccias, where the 
calcareous matter may be of foreign origin. There are, however, 
a fe;w highly felspathic rocks, of low .speciiic gravity in which the 
abundance of se<Jondary calcite suggests the original presence of a 
certain j^roportion of plagioclase felspar, while there is, at the same 
time, a complete absence of porpliyritic quartz crystals amongst 
these particular rocks. They are grey to lilac-grey, trachy tic-looking, 
fine-grained rocks, the fracture of wliicli exhibits a jieculiar sheen, 
owing to so(*ondary calcite having crystallised in crystallographic 
continuity over large areas. Occasioiuxlly they are superficially 
stained red, like some of the rliyolites. Wlien examined under the 
micros(JOpo, they are found to have a minutely crystalline felspathic 
base, resembling that of some of the felso'ihyolites already des- 
cribed, while the porpliyritic crystals are, in one case' (21-120), phe- 
nocrysts or glomero-porphyritic aggregates of felspar entirely replaced 
by calcite, in another case (21-120) ilark oj)a(pie patches with a 
crystalline outline recalling that i>t hornblende. The rock with the 
altered felspar pheuocrysts has a specific gravity of 2'f)2, that with 
tlie dark pseudomorplis, of 2- Ik 

Another rock of the same category is that luimbered 21-121, 
which shows a very distinct banded structure. The specimen 
consists of two portions representing Iavo successive bands ; a 
compact grey-lilac portion, with minuh^ white ])atches arranged 
in parallel stri*aks, and a finely porous portion of brick-red colour. 
The porous crust must represent the marginal portion of a lava 
flow. Under the microscope tlu*, compact portion shows an imper- 
fectly polarising groundmass with conspicuous *fiow-structure, ren- 
dered .scmi-opa<pie by a suffusion of extremely fine iron-ore dust, 
through Avhich are scattered i)uni(n*ous minute laths of plagioclasi', 
with their longer axis parallel to the direction i>f fiow, aiid which, 



328 Records of the Gcolofjiml Purvey of India. [VoL. XXXVIII. 

from their small extinction angles, appear to be oligoclase. Their 
average length is 015 to 0-2 rnhi. There are also some elongated 
masses ot calcite of about 1 mm. in length disposed in linear 
series along the, sann^ direction, probably representing a secondary 
infilling of elongated cavities. It is those that give a streaky 
appearance to the hand specimen. The outer finely vesicular 
portion of the lava lias its base rendered almost opaipic by the de- 
composition products to which it owes its red colour. T'he felspar 
v^aths are tin? same as in the com])a(?t portion, 'but scattered irre- 
gularly at all angles, instead of being disposed in parallel manner. 


Basic itocks. 

Whilst the group of tlie andesites is only doubtfully and un- 
charaideristicallj r(»[)it*s(mted, that of the basic rocks is richly 
developed, and includes numerous rocks identical with those of the 
Deccan trap of the Indian peninsula, together with others of 
less familiar appearance. 

The basic rocks from the Dala region include both fine-grained 
dolerites and tj'iie basalts. 

One of the dolerites, that numbered 21-151, is remarkable for 
its beautiful pleocliroic augites of jnuple colour by transmitted 

light, the crystals of « which are distri- 
Doleiitcs. buted in [)orphyritic fashion amongst 

the labradorites, although ophitically intergrow’^u with them. There 
are also grains of iron ore. The augite grains when in the shape of 
short prisms average 1 mm. in ^v^dtll, but sometimes they assume 
elongated shapes when the length freijueutly reaches 2 or 5 min. 
The labradoritc prisms often reach a length of 0*7 mm., these 
larger crystals being acconujaiiied by many others of smaller di- 
mensions. Tlio rock contains cavities someiinies over 5 mm. in 
diameter, lined with a de vitrified glass which is yellowisli green 
by transmitted light, the remainder of the cavity beyig filled with 
zeolites and opal and occasionally \yith quartz. 

Another basic rock which, although fine-grainexl, has elements 
sufiiciently large to be recognised without the aid of a microscope, 
and which is therefore entitled to rank as a dolcrite, is the rock 
numbered 21-139. It has a “pepper and salt” appearance duo 
to the association of opa<(uc wliite felspars (labradorite) and black 
augites. The average Ici'gth of the felspar and augite prisms is 
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from 0*5 to 0*8 mm. There are no porphyritic crystals. Both 
the labradorite and augite are colourless in thlh section. . Ophitic 
intergrowth of tlie augite ociiurs ouiy locally. The augite is fresh, 
the labradorite altered. Thin sections also reveal the presence of a 
fail* proportion of altered iron ore, and gf secondary serpentine, 
and also some secondary calcite. This dolorite closely resembles 
many of the dyke-rocks of Deccan trap age that one observes 
in Baluchistan. Its specific gravity is 2*84. 

Ordinary BasaUs»~ 'V\ie basalts wliich seem 4o constitute a 
considerable proportion of •the scarps surrounding the Dala plai^ 
are to a large extent normal representatives of this class of 
rocks. ‘The specimen niirubcrcd 21-119 y)articiilarly recalls certain 
vatieties of the Deccan trap of the Didiaii Peninsula. It is 
a vesicular ])urplish black rock with large glomero-porphyritic 
of about a mru. in diaMU‘ter, of unaltered labradorite 


Basalts Avitlioiit olivine 
resembling the Ireecan 
trap. 


and geodes of about t\ui same size 
filled with calcite, zeolite, or “ green 
earth.” Under the microscope the base 
show's numerous lath-shaped labradorites 


0*1 to #0-4 millimciros in length, scattered through an almost 


opaque matrix. T'liere is no imdecomposed augite. 


Another rock not unlike some varieties of the Deccan trap 
is the one numbered 21-140. It is a grey compact rock with stony 
fracture, of even grain and without conspicuous phenocrysts. Under 
the microscope it appears to consist principally of augite and 
labradorite in approximately equal proportions, both occurring 
in the shape of prisms with an average length of 0*:3 to 0-4mm. 
There is a fairly largo amount of iron ore, and the section appears 
much staiFicd with a green chlorite-like decomposition product, 
while tliere is also a certain amount of secondary calcite. Occa- 
sionally* om», notices a phenocryst of augite about O Gmm. in width. 

The rociv numbered 21-118, a dark grey compact fragment, 
with rough fracture, iion-vesicailar, showing numerous porphyritic 
and glomero-porphyritic labradorites, resembles some of the most 
basic forms of Deccan trajn basalt. 

The three rocks above described recall tlie Dec(;an trap, owing 
to the absence of olivine. The rock numbered 21-UH) is a 


Bliviiie basalt. 


black compact basalt constituted by 
augiie, labradorite. and iron ore, very 


much in the same manner as the rock just described, only with 
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smaller elements ; the chief poiut worthy of notice is the occasional 
presence of small idiomorphic porphyritic crystals of fresh olivine 
up to 0-4 mm. in dianicter. The specific gravity of this rock is 
2-97. 

Exceptional The next rocks, munbered 21-141 and 

21-T23, are rather exceptional. 

The rock numbered 21-141 resembles at first sight an ordinary vesi- 
cular basalt, in which the cavities have been secondarily filled by some 
white mineral. Tliese approximately spherical geodes are from 1 milli- 
. . metre to 2 millimetres in diameter, and are 

oleV' wSS by ‘tvlw f ^ grey-c,oloured 

and epidote. fine-grained to be resolved into 

its constituent elements by an ordinary 
lens. In addition to the geodes filled with the white mineral there are 
some vacuoles of about the same size partly coated with transparent 
prismatic crystals of green epidote. Sometimes this same cpidote 
is associated with the white opaque mineral which completely or 
nearly completely fills the majority of the globular cavities. When 
the white crystals do not entirely fill the Cavities, they show 
distinct crystal terminations.. The examination of thin * sections 
under the microscope reveals a very abnormal rock. The base is 
made up of small prismatic crystals of aiigite averaging 01 to 0-2 
nim. in dimension, together with a certain proportion of iron ores 
and a green fibrous serpcntinoiis substance in the interstices be- 
tween the crystals. The globular cavities are coated with a very 
thin film about O-Ol mm. thick, consisting of ii fibrous serpentinous 
substance, green by transmitted light, which ai)pears to be a 
devitrified glass. It is the same substance that fills the interstices 
between the augite crystals of the base. Idie white mineral occaipy- 
ing the globular cavities consists of felspar, which must have solidi- 
fied subsequently to the aiigites and even after the glass of the base. 
Idle matrix is devoid of felspars, just as the geodes are devoid of 
augite. The fibrous serpentinous substaiw’e does not represent 
reaction rims, for it is observed not only between the felspar and 
augite, but also amongst the augite crystals, and occasionally occurs 
also as a lining to empty cavities. 

Of the minerals that occupy the ciwities, tlie felspars have 
crystallised in irregular aggregates witliout any distinct radial dis- 
position, the epidotes in beeutiful radiating aggregates. The averag»> 
length of the felspai’ juisms is about O-J. mm. Tliey occasionally 
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show twill lainollation, and, judging from tho angles of extinetion, 
they appear to be some form of labradoritc. Sometimes the cavities 
contain one of the two minerals ; at other times both mineral 
occur together, in wliich ease one observes that the e^iidotes have 
crjpstallised subsequently to tlie felspars. Sometimes zeolite has 
filled a space that had remained vacant subsequently to the for- 
mation of both the felsgar and epidole. 

. • 

The specific gravity of this curious rock is 

The next rock, 21-123 (Plate 34, fig. 2), which might be descrilM'xl 
as an olivine- porphyry, incAudes the ordinary constituent minerals 
of basalt, that is olivine, aiigite, plagioclase and iron ore. The 

llliviiie-iioriilivrv porphyritic crystals consist almost eu- 
tirely of olivine, a stray individual ot 
augite being also occasionally observed. The conspicuous olivine 
crystals arc embedded in a black or dark grey stony base too 
fine-grained to be resolved into its constituent minerals by means 
of an ordinary hms. 

The specific gravity is 3-t)S. * 

Ihe porphyritic crystals of olivine constitute about one-third 
in bulk of the rock. They have the shape of stumpy prisms 
often with pyramid-like terrniiiations, their commonest dimension being 
about 2 millimetres, ivliih' there are also smaller crystals, and a 
few^ larger ones occasionally more than a centimetre in length. 
The mineral is transparent, of a gurn-like appearance and pale 
yellow colour slightly tinged ivith green. It is r[uite colourless 
in thin sections. It is practically unalteri'd, but traversed by nu- 
merous conchoidal cracks, sometimes lined witli a thin film which 
appears green under the microscope. These films often appear 
beautifully iridescent in the luuid specimen. 

The groundmass coiisists of e.vcessively mimite cleimnits, but 
under high ]) 0 wcrs the structure appears to be, on a very niiiiiite 
scale, the usual one of a basalt., the rock consisting wAiolly of 
crystallised minerals w-ithout any interstitial glass. The constituent 
minerals are augite and plagioclase iji ap})r(>\imately etpial j^ropor- 
tions, and a rather large proportion of iron ore, perhaps of 
the mass ot the base. Tile aiigite and plagioelast' constitute minute 
jnisms without any distiiuA tendency towards an o])liitir* modt^ 
of intergrowth. Occasionally the augite- crystals ari^ aggregated 
into globular patches of about 1 mm. in diaiucter in wAiich the 
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component grains are. of the usual size, but unaccompanied by any 
felspar. 

The rock labelled 21-124 is almost identical with the one just 
described, except that the porphyritic augites arc more numerous. 
The felspars and augites constituting the chief elements of the bibe 
are not so minute as in the previously described rock, the average 
dimension of tlui augite grains being 0*1 mm. 'I'he grains of iron 
ore are proportionately larger than in the previous rock, but the 
tofal amount of this mineral is somewhat less. The specific gravity 
ia 3-04. The olivines in this rock arc not iridescent. 

This is the rock mentioned by Captain Lloyd as a “ porphyritic 
dolcrite of medium grain,” and it is evidently a member of the 
older set of volcanics upon which the “ maspive lava ” rests uncon- 
formably, and which there is every reason to regard as the local 
representative of tlie Deccan trap. 

Minerals from geodes iv the basalts. — In connection witli these 
basalts, mention should be made of large specimens ’of agate, quartz, 

^ chalcedony, jasper, chert, opal and calcite, wholly similar to those 
scattQrcd all over the areas of Deccan tra|) in India and, like them, 
evidently derived from large spherical geodes, or irregular fissures. 
The red hacmatitic hornstone 21-174 is a substance seldom met 
with in connection with the ])eninsular Deccan trap, but very 
common amongst its extra- poninsiilar representatives in the Arakan 
Yoma, the Andaman Isles, and Baluchistan and Persia. 

The agates and jaspers have evidently been picked up lying 
loose on the ground, as is usually the case with the specimens 
from the peninsular Deccan trap. The large calcite specimen, 
21-122, is still adhering to a fragment of vesicular basalt, much 
impregnated with calcite, and rather decoruposet), in which the only 
minerals still recognisable are the felspars. 


Sandstones, 

The majority of the sandstones from the Dala region are whitish 
to pinkish rocks consisting of quartzose elements. The quartz is 
not of volcanic origin- The rocks are either fine grained, with ele- 
ments not exceeding 1 millimetre in diameter, or else they pass 
into a conglomerate of small pebbles, the largest anxong which do 
not greatly exceed 1 centimetre. 
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From the constitution of the above-mentioned rocks, it is not 
possible to make out their stratigraphical relations to the volcanics. 
In one instance, however (21-158), the quartz grains arc associated 
with numerous volcanic fragments of various sizes, the rock being 
intermediate between a normal sandstone and a volcanic breccia, 
and there is no doubt that this particular rock must be contem- 
poraneously interbedded with the volcanic strata. 

Probably, too, of volcanic origin are certain grey sandstones 
consisting of small angular grains of quartz scattered through a 
dust-like material (specimen 21-155). ^ 

The Saleik Collection. 

The specimens from Saleik are less numerous than those from 
Dala, but (consist of a similar assemblage of forms. 

They include the following rocks 

Devitrified rhyolite (2 1-155). 

Rrecciated rhyolite (21-l(}5). 

Altered basalts or andesite basalts (21-107, 170). 

Agate and ‘"green earth” from a geode (21-172). 

Sandstone with volcanic material (21-1(58). 

Ordinary sandstones (21-171, 173). 


« Acid KorJes. 

Tin* devitrified rhyolite numbered 21-105 is a compact spheru- 
litic rock with .subconchoidal fracture and stony or slightly resinous 
lustre. The more or less confluent spherules, about 1 cm. in diameter* 
of white and purplish colour, scattered through a dark greenish 
grey, base with occasional red spots, give to the material a mottled 
appearance. The specific gravity is 2*57. Fjxarnined in thin slices 
under the microscope it ai)pears obscurely crystalline and, to a 
large extent, isotropic, with a vt^y evident streaky flow-Structure, 
the lines of flow encircling a few orthoclase phenocrysts averaging 
about 1 millimetre in length. Th^se crystals are scattered at very 
distant intervals and are not at all conspicuous in the hand-specimen, 
where they appear as small pink patches showing the characteristic 
pearly cleavage of the mineral. 

The single specimen of a brecciated rhyolite, 21- 1(56, is partly 
impregnated with secoi»dary calcite, giving a peculiar sheen to some 
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of tho fracture surfaces, but otherwise presents no features of special 
interest. 

Basic Rocks. 

The representative's of the basic group in tlie Saleik collection, 
so far as can be made out from the altered condition of the 
specimens, appear to belong to the highly felspathic variety of basaltic 
roc£s such as commonly occur in the Deccan trap of India. There 
is no recognisable mineral other than the plagioclase felspars, and 
these are so much altered and of such small dimensions that they 
cfJnnot be a(!curat(>ly referred to any particular s^xccies. The low 
specific gravity ])oints to a class of rocks ij'termediate between 
andesite and basalt, but this may be merely a conse/pience of their 
decomposed condition and vesicular striictxire. The specimens arc 
greatly impregnated witli secondary calcitc. 

One of the spe(?iiuens, 21-107,18 a rusty- red rock with a sharp 
line of separation dividing it into two portions, one of which is 
crowded with small vesicles about 1 mm. in diameter, ^vhilo the 
other is more compact. The specific gravity, so far as can be made 
out in such a porous material, is 2*09. The rock is extremely 
fine-grained and probably cryptocrystalline, and so obscured by 
decomposition products when seen in thin sections, tliat a micros- 
copic examination fails to reveal any distinct features. 

The rock 21-170, with a specific gravity of 2 ()8, has the appear- 
ance of a greyish-lilac basalt crowded with spheroidal masses of 

“ green earth ” representing infilled vesicles. These rfjdierules 

average 5 'mm. in diameter and constitute about ono-tliird in bulk 
of the rock. Examined in tliin sections * under the microscope, 
•the rock is found to consist essentially of closely h'lted elongated 

plagioclase prisms, averaging 0-15 mm. in length. The interstices 

betvreen the plagioclase prisms freipeiitly exhibit outlines suggesting 
the shape of minute augite prisms, but the original material has 
been entirely replaced by secondary calcitc. I'herc are also outlines 
ixidicatiifg the former existence •of ])orphyritic crystals averaging 
0’5 mm. in diameter, which may have been either augite or olivine 
or both, but these are entirely replaced by decomposition products. 

The glauconitic “green earth ”, which principally occupies the 
large vesicles, appears, in thin Sections, cither milky or opacpic 
or else translucent, in which case it show.i, between crossed nicols, 
a minute mosaic of radiating tufts will; fairly Um double refractior). 
Calcitc and chalcedony also partly fill the vesicles. 
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Sand stoma. 

Amongst I he sandstones from Siileik there arc some Hiie^graiiied 
green rocks made up of very angular fragments, of which about 
half are ordinary quartz grains of non-volcanic appearance, while 
the remainder are of volcanic origin, Itirgely fragments of crypto- 
crystalline rliyolitc. They also include opaque grains of iron ore 
with metallic lustre. The specific gravity is 2*70. 

The remaining sandvstoncs are ordinary white or pink quartzose 
rocks varying from a fine-grained material to a pebble-bed. * 

Rocks from the Aden Volcano. 

The specimens from the pleistocene volcanic formation of Aden 
include a fragment of a friable red ash, and some dark more or 
less vesicular olivine-andesite-basalts or basic andesites. The speci- 
mens are too few to add anything to General McMahon’s descrip- 
tion ' of a muck larger collection published in the Records of tJic 
(Heolof/iml Stirvcfi of India, Vol. XVI, pages 145 — 158. 

Minerals of Commercial Value. 

The collection does not contain a?iy metallic ores. Limestones 
of good quality appear to occur abundantly in the Jurassic series. 
Some of the compact bright-green asli-beds, if available in large 
blocks or slabs, would constitute a li^ndsome decorative material. 
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Notes on Upper Jurassic Fossils collected by 
Captain R. E. Lloyd near Aden. By G. H. 
Tipper, M.A., F.G.S., Assistant Superintendent, Geolo- 
gical Survey of India. (With Plates 35 and j6.) 

rfiHE fossils which form the subject of these notes occur in a hard, 
A black, distinctly carbonaceous limestone. They are generally 
badly weathered and the shell substance has been replaced by 
crystalline calcite covered with a thin film of dark brown iron 
oxide. It seems to bo this film which has preserved the outline 
in many cases. It is impossible to develop them in any way, and 
their del^ermi nation is a matter of considerable difficulty. 

Prom the similarity of the matrix and the state of preservfttion 
of the fossils, there is little doubt that all of them, with one exception, 
are from the same deposit. The exception is an indeterminable frag- 
ment of an ammonite (Periaphinctes ?) in a light greyish limestone. 
It is a water-worn boulder and the matrix is so dissimilar from that 
of the rest that it is obviously from quite a different deposit. 

The only paper with which I am acquainted dealing with 
Jurassic fossils from Arabia is one by Messrs. R. B. Newton and 
6. C. Crick entitled “On some Jurassic Fossils from Arabia”, in 
the Annals and Magazine oj Natural History, series 8, Volume 2, 
No. 7, pp. 13— 30, Pis. 1— :i. 

In this paper a collection of fos.siIs made by Major Hazelgrove 
in the Aden Hinterland is described. 

These fossils are so very similar to those under discussion that 
the determinations and correlations suggested arc of great importance. 
The following species, are identified : — 

1 . Parallehdon egertonianum Stol. sp. 

2. Nincula cuneiformis Sow. 

3. Trochus arabiensis R. B. N. 
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5. NauHluii cf. limunmus How. 

(). PiTisphinctes cf. Ho^. sp. 

7. ,, of. snhdolus Font. 

8. ,, cf- ahadierms CliolT. 

;). Perisphinctes cf. Poltiwjerl How. sp. 

10. OjrpeUa ? sp. 

11. Belem, nHe s ci. ha statm de Blnv. 

Nowton concliidfts that tho lamcllibranclis and gjjstrophds 
point to an age later than Rathonian, ])rohably Sequanian, and 
that tliey may be correlated with the Spiti shales and certain 
deposits in Rutcli (Kaclih) on the one hand and with the Bihih 
limestones on the other. The material on which Crick bases his 
conclusions is in a very bad state of preservation, being generally 
compressed and weathered, while in no case arc the sutures visible. 
It certainly seems to me that the suggested identifications are some- 
what far-fctcbcd and that the ammonites are not sufficiently well 
preserved to admit of an exact correlation ol the Aral)ian deposit 
with those of any other region. 

The following are the notes on Captain Lloyd’s fossils : — 


Belemnites cf. tanganensis- Futtorer. Plate 35 , figs. 2 

t * 

and -b 

Zeit. d. (/. GeselL. x!vi, p. 30, PI. 5, figs. 2 and 3. 

There arc a number of fragments which obviously belong to 
the same species of bclemnite. The characters agree so well with 
those of B. tanganensis that they are extremely closely allied, if not 
specifically identical. Tlie rostnim is modorately long, slender, 
sub-hastate. Tho canal is somewhat deep and broad and runs 
almost tho whole length of the rostrum, not quite reaching the 
apex. The cross-section is oval, flattened on the furrowed side, 
but rounded on the opposite side. Futterer says that this species 
has no near relative amongst the Indian Jurassic belemnites, and 
I have, by direct comparison with Waageri’s types, been able to 
satisfy myself ^that such is the case. 

This Specimen differs completely from that figured by Crick. 
Ann. (t Mag. Nat. Hist., vsor. 8, Vol. 2, PI. 2, f. 1, ako from near Aden, 
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AMMONOIDEA. 

(loiuis: Perisphinctes Waaf^ron. 

Without exception all the ammonites collected can be referred 
to tliis genus. They form the major part of the collection and 
are so badly preserved that they cannot be identified. They have 
divided into groups according to character of tlie ribbing. 

Perisphinctes sp. No. 1. (Plate 36,' fig. 2.) 

Ribs regular, somewhat sharp, fairly widely spaced and only 
slightly bent forward. Ribs bifurcate and trifurcate at about half 
the distance between the ventral border and the shoulder. There 
are no well-marked nodes at the bifurcating points. Whorls rounded. 

This specimen has not sullercd quite so much compression as 
the other ammonites. Its reseriiblanco to the specimen identified by 
Crick as P. cf. ahadiensis Choff., loc. cii,, PI. Ill, f. 2, may be 
pointed out. 

Perisphinctes sp. No. 2. (Plate 35, fig. i.) 

Ribs numerous, close set, sharp, almost straight, bifurcating 
regularly at a point a little over half the distance from the ventral 
edge to the shoidder, the bifurcations forming a regular V 'Shaped con- 
tinuation with the main rib. This character is seen at one point 
only in the inner whorl. 


Perisphinctes sp. No. 3. (Plato 36, figs, l, 2, and 2^/.) 

A very compressed fragment. Ribs sharp, widely spaced, regular, 
bent forward, bifurcating at about half the distance from the ventral 
edge to tlie shoulder. Slight nodes at the bifurcation point. The 
resemblance to tlie specimens identified by Cricic as P. cf. torquatns 
»Sow. sp. may be pointed out. 

Perisphinctes sp. No. 4. 

Ribs straight, sharp, bifurcating near the ventral edge of the whorl. 
Very badly compressed fragments. 
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aASTROPOD. 

Genus et species indet. (Plate 30, fig. 7.) 

Pour specimens of a fusoid shell are represented in the collec- 
tion. The spire is long, narrow and acuminate. The whoils, increas- 
ing regularly in size, are ornamented by transverse nodes and fine 
spiral lines which are particularly noticeable on the lower part of 
the whorls. The aperture is unfortunately not complete. It is pro- 
longed into a moderately long inferior canal, the full extent of which 
is not seen. The inr^er lij) is thickened and reflexed. The outer lip 
is brokem. Probably this shell belongs to one of the fusus-like 
winged genera and th(^ wings have been broken off. In shape and 
ornamentation it greatly resembles Dicrolema (Piettia) seminvdum 
Heb. & Desk sp., figured by Oossmann, Kssais do Paleoconch., Vol, 
VT., PI. IV, f. 1. 


LAMELLIBRANCHIATA. 

Parallelodon egertonianum stoi. sp. (Plate 35, fig. l.) 

Three spocimeiis wliicli show the charactcristici ornamentation of 
this specjies are represented in this collection. Stoliezka who founded 
the species assigned it to the Lower Oolite. Recently while 
examiiiing collections made in Thibet by my colleague, Mr. Hayden, 
1 came across .several specimen? of this lamellibranch associated 
with Slephanoceras Immplrresianuni 8ow. sp., so that it is obviously 
one with a long range in time. 


Pinna sp. (Plate 36, fig. 5.) 

A single broken specimen showing portions of both valves is 
reprosented in the collection. The ortiamentation consists of irre- 
gularly spaced wavy ribs crossed at right angles by numerous fiife 
lines. In its type of ornamentation it resembles P. ledonica de 
Loriol, ‘VEtnde snr les mollusques et brachiopodes cle I’Oxfordien 
snperieur ot moyen du Jura ledouien,” 3'"® partie, J/cm. Pal. Soc. 
Suisse, Vcl. XXXI, PI. XXTII, f. X It differs very considerably 
in size and shape. I have not been able to find any Pinna quite 
like this Arabian form. 



340 Records of the Geological Survey of India. [VoL. XXXVIII. 

TligOnia sp. Group of Costatie. (Plate 36, fig. 6.) 

The ribs are fairly widely spaced and ten in number. They do 
not run quite to the carina> but are separated from it by a slight 
groove, fl’he posterior portion of the shell is obscured by matrix 
and cannot be got at. 

Jt shows considerable likene-ss to T. brevicostntn Kitchin, .Turass'ic 
Fauna of ftitch, Pal. Ind., ser. IX, Vol. Ill, pt. II, the Lamelli- 
branchiata, Genus Trigonia, PI. II, f. 4 & 5. It also resembles 
in ornamentation the fossil figured as T. pulhis 'var. by Douvillc, 
Fossiles du Choa, B. S. G. F., ser. 3, t. XIV, PI. XII, f. 14. It 
differs from both these shells in its relative proponions. 


Pecten (Syncyclonena) sp. 

A fragment of a right valve with j>art of the shell subs tance pre- 
served can be readily referred to this sub-genus. The prnamentation 
is of very fine concentric striae ol growth. 


Cardinia? sp. 

A single fragment may perhaps be referred to this genus. 


CRINOIDEA. 

Pentacrinus sp. 

Several stem joints occur scattored through tlio various speci- 
mens. 

The present study does not shed much light on the age 
of the Arabian deposits, blit I think that every one will agree 
that the fossils figured here have a distinctly Upper Jurassic 
facies. 
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EXPLANATION OF PLATES. 
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Plate 35. 

Fig. 1 . — Perisphincies sp. No. 2. 

ParaUelodm egerUmianum Stol. sp. 

Hinge and part of the shell shows in the left hand bottom 
corner. 

Fig, 2 . — Perispkinctes sp. No. 1. 

Behmnites y'.i. tanganensiA Futterer. 

Fig. 3 . — Belemnites ef. tangnnenffis Fiitlerer. 

Showing Die liaiuil not quite continuous to the apex. 

3'lie extreme part of the apex is broken. 

Plate 3(). 

Figs. 1, 2n 2a. — Pensphinctes sp. No. 3. 

Figs. 3, 4 . — PerisphincUs sp. No, 4. 

Tliese snow the compression which the amn^onitiCB have 
undergone. 

Fig. — Pinna np. 

Fig. 6 . — Trigmia sp. group of cost atas 
Fig. 7. — Gastropod. Genus et s|jcc. indet. 
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MISCELLANEOUS NOTES. 


Note on the Occurrence of Samarskite in South India. 

A BOUT three years ago, some specimens of this rare mineral were presen- 
ted to the Geological Museum by Mr. P. N. Bose w'ithout any details of 
occurrence or locality. Samarskite is also mentioned as occurring in India 
in the Report on the work of the Imperial Institute, 1906 "«md 1907, p. 33, 
(1908), but no locality is mentioned. Ret^ently, Mr. R. R. Simpson, Ins- 
pector of Mines, sent a small piece for identification, aiul he has since been 
able to visit the locality. The following details of the occurrence hav(i been 
abstracted from his interesting account. The mineral occurs on the mica 
property of Mr. R. V. Kuppaswamy Iyer in the Sankara mica mine, village 
Gridalur, Nellore district, Madras Presidency. The mica is, as usual, found 
in pegmatite, hut the pegmatite is not of the usual type, the quartz, felspar 
and mica being segregated into large masses sharply separated from one 
another. There are three mica pits, the largest being about 20 feet in''^ 
diameter and 50. feet deep. It is in the*, sides and bottom of the latter 
that the mineral occurs as loose blocks between the books of jnica. One 
piece seen in situ seemed to oc^cur as a stringer at the contact of tlie felspar 
and mica. The mineral occurs massive without crystalline form and in 
blocks of large size, a broken specimen in the colk*ction weighing 5,448 grins. 
(13 lbs.)' The. surface is covered with a reddish brown film. It breaks 
with coiichoidal fracture. The freshly broken surface has a black 
splendent resinous lustre. The specific gravity of a clean piece i.s 5*74. A 
complete qualitative analysis by Mr. Blyth proved beyond doubt that the 
mineral was samarskite. 


[G. H. Tipper.] 
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Aden. By G. H. Tipper, M.A., F.G.S. (With Plates 35 and 30) . 
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PLATE I. 
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PLATE 16 


PLATE 17 


PLATE 18. 


■Ideal section of Patarghalta HiJJ by II. ¥. Planl'ord. 

Sections of borings in Patargluilla Hill by H. F. Blanford. 

'Fig. 1.— Pbolograph of a 3-ft. white clay bed in Damnda white 
sandstone, Boraghal. 

,, 2. — (^)alininfi atfblUnrrk. ‘ 

■‘Yenaiigyaung and Oiulwe P(‘gn Inlicrs. «♦ 

-Ondwo Pegu Inlier, ^lagwe District, Burma. 

-Aspirator f<»r operations in the desert. 

'Apparatus. for ineasuring amount of salt in the air at different heights, 
'Section showing position f)f coal-seam at i^iarat, west of Johait. 
-Sc<dion showing position of ' Laki strata in the Shirinab Valley. 
“Section illustrating the geological structure near the Mekran Coast. 
'Diagram jlhistrating the |)osition of anliolmal axes in Eiistern Ikilu- 
chistan and Western 8ind. 

-Geological map of Eastern Jialuehistan and Western Sind. 

-Geological skelcli-Tnap of Baluchistan. 

-IIippurit('s gosaviensis, Douvillo. 

Fig. 1 a, Anterior, posterior and upper aspects of an almost 
complete lower valve. 

„ 2.— Polished surface of another lower valve. 

Both specimens from Koh-i*2sa]irahu. (Natu ral si/e.) 

-Pirotfeea persica sp. nov. 

Fig. 1. — Complete specimen with upiK.u’ \ttil VC preserved. • 

„ 2. — Fragment of a low er va 1 vc. 

„ 3. — Polished section of another specimen. 

All three specimens from.Kohi-bXahralui. (Natural size.) 

-Fig. 1 a. — (Jast of a Nt>rmea. 

,, 1 h. — 8('etion of the same specimen. 

„ 2. — Gen. indet. spec, indet. 

Both specimons from Kohi-i-MakiL (Natural size.) 

Afghan Fusulinida*. 

Fig. l. --Tr?ins verse section of Fusulina. xoO. 

ft ti >• »» it X dh 

Figs. 3, 4. — Tangential section of shell of F, elongafat Shum. X40. 
Fig. 5. — The same as lower ptirt of fig. 4. x 00. 

„ 6. — Approximately tangential section of shell of JP. Hralica, 
Krotow\ X 33. 

„ 7 . — Part of the same enlarged, x 60. 

-Afghan Fusulinid®. 

Fig. 1. — ^Transverse Section of Schungerina princepe, Ehr. x50. 

„ 2. — ^Meridional st^ction of Schwagerim princepSt Elir, X 12, 

„ 3. — Similar section of the same species. This corresponds to 
Sch. Verheekif Geinitz. xl2. 
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LIST OF PLATES. 


PLATE i8— • 

4. — SecUonof Sch, princcps taken at scmie distance fi.Vin the 
central eiuimber, Init a])pr(>xiniately parallel to tlu' axis. 
Xl2. 

,, 5. — Tra ns vei‘.S(* section of *Vr/i. jynncepA cut at some distance 

fn>m the cent ml chamber. xl2. 

6. — Somewhat oblique section of ^SV//. prinreps. xl2. 

,, 7. — Shell of Fusulina. 

PLATE Ip . — Fvfifflina vralira, Kwinw. 

P'i,irs. 1 — (). — Specimens of variou.s oizes : all natural size : tig. 4 
reprc'sents a ty]>ical speeunen. 

Tig. 7. — LfMigitiidinal (meridional) section *of a large specimen. 

X t. 

8. — The same. X lO. 

„ 9. — Similar s<‘eiion of another specimen. X 10. 

Figs. 10. 11 and 12. — Transverse (etjuatorial) sections of lyi)ical 
specimens of variou.s size^. X 10. 

Fig. 8. — Illustrates a sj)ecimen with a largo central chamber. 

PLA'TE 20,— Fy, VI Una ehnfjain, Shiimard. 

Fig. l.—Central part of a longiludiiuil (meridional) seclion of a 
mediinii-si/ed specimen sijuilar to those illustrated in 
hg. 10. xl2. 

Figs. 2 — 5. — Transverse (equatorial) sections of similar sj) 0 cimeii.s ; 

fig. 4 i.s cut at a little distance from the eimt ral ehaml)er. 
Xl2. 

„ 0, 7.— -Transverse (o(|uat(>ria.l) sections of small specimens 

similar to th<*s<^ illuslratc^d in fig. II. X 12. 

,. 8, 0. Longitudinal sections j)f similar specimen.^, showing 

the small number of whorls, x 12. 

Fig. 10. — lameslone with medium-sized .specimens : natural size. 

,, 11. — Limestone with small sp(‘cimens ; natural size. 

Figs. 1 to 11 y)robably mpiescmt the m(^galoS])heric Ibnn. 

Fig. 12. — Very large speeimcii (? microspheric form) : nat ural size. 

PLATE 21. - ]"ies. 1 and .‘1. — 'ryi>ieal longitudinal (meridional) sections of Xeosvhv'a- 
gerina (ratindijera, Schwager. .Fig. 1 x 15, fig. .‘5 X 12. 

Figs. 2 and 7.- Typieal tiausvei.se (equatorial) sections of the same 
species. Fig. 2 xl5, lig. 7 xll. 

I''ig. 4.— -Characteristic longitudinal si^clion of N. vriilivyUfi ra cut 
at some little distance from the central chamber. X 20. 

„ 5. — Transverse section of part of the shell of iV. rraflrulifera. 
X46. 

„ 6. — Part of a similar section enlarged to show the perforations. 

xOO. 

„ 8. — ^Transverse .section of AlveoUna {Floscnlina) paslicillahi, 
Schw., from Sind. Xl2. 

PLAT 22. — Figs. 1 — 4. — Longitudinal section of Ncosclitvagcrivaprimigena nov. 
sp. X 17. 

Fig. 5. — Transverse section of the same, x20. 

Figs. 6 and 7. — Transverse section of the same, x 17* 
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PLATE J2— cow^'/. 

Figs. 8, 9 and 10. — Longitudnml sect ion of N eoschywjmna anvce, 
Volz. X 10. 

Fig. 11. — Specimens .shown in lig. 10 enlarged. x20. 

„ 12. — Transverse section (not through the central chamber) of 

N. anncE. x2IL 

„ 13. — Transverse (equatorial) .S(‘etion tlirough the central 

cliamber of anotluT s|>eeimen of N, imncc. X 2t>. 

„ 14.— Part of a very characleristic section of Neoschwageiina 

limestone, containing N. amur. x 12. 

PLA'IB 33* ’-“Geological map of 'rha 3 ^etniyo District witli two sections. 

PLATE 24.— Geological map of Padaukpin, Pianbyin and Aulunanciri. 

PLATE 25 • — Figs, i, 2, 3 . — Carvharias (AiyiumfAoyi) sp., nat. size. 

Fig. 3 a . — Same tooth, twice natural size. 

,, A,- Carcharias {Prirmodon) s]>., natural si/.e, 

„ 5. -(Aihfrenh hitidrnji, Agassiz, natural size. 

„ 0 . — Carcharodon wetjahAon^ Agassiz, natural size. 

Figs. 7 and 8 . — HtmlpriAis serra, Agassiz, natural size (Padauk])in). 
Fig. 9 . — Oxyrk 'nia fipaUnnaznvii ^ l)()na[)a.i tc, natural size (Minbii). 

,, 9 o. — »Samc tooth, biok view. 

„ 10 . — Oxyrhuia ,<ipalhtKoiirt\ P>f)na]xii’t(‘. natural size (Minim). 

„ 10 a. - Siimv t<M>tli, back view. 

„ 11 . — Oh A ns appeudindatns, Agassiz; natural size. 

,, 1 1 f/. -Same tooth, back virnv. 

,, VI. -~ (htrcha^A(m mtrinhdis, Agassi/^ natural size. 

„ 12 a. — Sana; t(»oth. b.iek view. 

PLATE 26,— Teeth fnnn Singu oil-tield and i’agau Hills. 

Figs. 1, 2. — Oxf/rhina spalhuvjxnlL Ikuiaparte. 

Fig, ll. — OarAiffriAon arifjn.sfidxns^ Agassiz. 

,, 3 a . — ,, ,, (inn(*r face). 

„ 3 h. (sub^ view). 

4 . — Oatrharodnti lancvohdus, ^Vgassiz. 

,, 4 a. ,, „ , (i'liner face). 

„ 4 h.— „ „ ,, (side view). 

Figs, 5. (), .- Ccmhirias {A prhm(A(m) frerph ns^ Dames. 

Fig. S. ~ Carcharias(Prkmudon) ryertoni,, (inner face). 

„ 8 ft.— ,, „ „ (outer face). 

Figs. 0, 10, 11.- -Ajarcharias(Prio7i(AnrO fyethyni, Ag, (inner face.) 
Fig. 12.— CarcJiarias (Prionud(»n) colfafa (ex-C(»pe M.8.). 

„ 12 n.— „ „ „ (inner faoo\» 

„ 13. — H emi prist is Arnplex, n. .sp. (?) 

„ 1.3 a.— „ „ „ (inner urce). 

„ 1.3 h . — „ .• (side view). 

„ 14. — If e nii prist is serra, Agass i z. 

PLATE 27.- Fig, 1. — Vertical section « f Ilptniprisfis simplex, magnified sixteen 
diameters. 

PLATE 28.— Geological map of the northern part of the Veiungj’at oil field 
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PLATE ap.— Tile norti;ern part of the Yenangyat oil-field ; showing Pegu outcrop 
and position of qrcst with reference to blocks. 

PLATE 2pa. — Sections through the Yenangyat anticline. 

PLATE jo.—Dala and the neighbouring hills, looking south-westward. 

PLATE* 31* — Northern half of }iai?oramic view taken from Dala. 

PLATE 3 Pinnacle of niiissive lava surrounded by volcanic ash-beds, 
J mile north of the Dahiyat plateau. 

PLATE 3 3 --“Map of a part of the hilly country to the north of Aden. 

PLATE 34* “Upper Cretaceous volcanic rocks from Dala near Aden. 

Pig. 1. — Rhyolite. 

■„ 2. — Ultra-basic lava with poi^hyritio crystals of olivine. X20 
PLATE 35. — Fig. 1. — sp. No. 2. 

Pamlhhdon egerlimmiim, Stol. sp. 

„ 2 . — PerifiphincAes Hii. No. 1. 

Belemniles cf. tanganensis, Fiitterer. 

„ .“ — Belrmfiites ci, tanganensis, Futtcror, 

PLATE 36.- Figs. J, 2, 2 a. — Perisphinctes sp. No. 3. 

„ 3, 4. — Perisphinctess}}, No. 4. 

Fig. j >. — Pinna sp. 

„ (5. — Tr /(/oa 1C Sp. group of CO stake. 

„ 7. — Gastropod. Gen. et sp. indet. 
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UPPER CRETACEOUS VOLCANIC ROCKS FROM DALA NEAR ADEN. 
I, Rhyolitt.- 2.- Ultra -baste lava with porphyritic crystals of olivine. 
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dutiriot, in 1874. Supposed oeciirrence of ooal on Kistna. " 

Von. KVl, 1883 , 

Part A— Annual report for 1888. BicbUiofenia. Kays (Anomia Lawreneiand, Epninok). 
Geol(W of South Travdnoore. Gecdogy of Qbaipba. Basalts of tonbay. 

Pont ^.--Synopsis of fossil vertebrata Of India. BHori l4d>yrinthod<mi Skull Of Hippo- 


Part fi.— Synopsis of fossil vertebrata Of India. Bijori l4d>yrintAQd<mi Skull Of Hippo- 
therium antitopinnm. Iron ores, and snbsfdtoy tnateriais for manfifaetdio of iron, b 
north-eastern part of Jabalpur distriot. LatoBte and other mhngenose-ore peering 
at Qosulpore, Jabalpur distnoh Umaria eoal-field 
Part J.— Microscopic structure of some Dalhonsie rodks. Laves of Aden. Probsbte oOour- 
renceof Siwalik strata in Obina afid Japan. Mastodon angustidens b India Iteversa 
between Almora and MnseOoree. Gretaceous eoal-measnree at Bomora, in Kbaeia Hills, 
near Imonr. in Svlhet. 

Port i — Pahmtological notes from DaHongam ^ Hutar eoa^fieto In Chota Nagpur 
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l0U XVin, 1885. 

P 0 ifi r0{)9r| lor botwoon coid'^flold and livot. 

jSookglb^l ilej^ of ooofiii! 3 r betwoad Stogareni ^^eld aod HyderalMd* Cool and 
wMtotM ia IMgn»g rivat aear Aaaam. Hcaooteii^ aa Olnatnlod ftm 

ladto fort^tioofc llghaii field notea. — 

Pare fi.^FMIfteona tom fn Iiovar fiiaialayai Oarbwal. Ago of MaadhaK eoiioa iii 
Loader Himi^ura.. ^waUb oamd (Oamelna Antiqntie, nojbja ex Fale. and Oaot. MB j. 
vjoolOgy of Ohamba. Probability of obtamieg water ^ maana of artoaian w^ m 
of. ,VPpor India. Arteaian aonrces fn plaiDa of upper India. Qeobigy of Aka 
Hilts, ^eg^ tenancy of Arakan mod volcanoes to bnrai into erni^n moat 
ffmjNBw dni^g rains* An^yses of phosphatio nodules and rook from Mnaaoored 
Part A-Hseomgy of A nd a m a n Islands. I^ird species of Merycopot^ns. Pereolation as 
jmoted by oormtr Pirthalla and Cbandpnr lOeteorites Oil wells and o^ In 
Tnayetnnfo dlstnrt, British Burma. Antimony deposits m Maulmain district. Kash* 
mb earqmualm of 30th Ufv 1885. Ben^ earthquake of 14th July 1885. 

Pari f.<^-Oe^g^ work in Cnhattisgarh division of Oentral Provinces. Bengal earth- 
of 14th July 1886. Kashmir earthquake of 30th May 1885. EzcavatUma in 
BIBa Bu^rgam oaves^ Nepaulite. Habetmahet meteorite. 


VoL. XIX, 1886. 

"^Annual report for 1886 IntemaUoiial Geological Congress of Berlin Palaaozoso 
FqfpUe m Olive group of Salt'rangs. Correlation of limiaa and Australian caal- 
bsaring be^ Afghan jmd Persian Ineld notes. Section from Simla to Wangta, and 
pattrologioal obaifaoter of Amphibolites and Quarts Dunites ^ Sntlej valley. 

Pisft of parb of Beuary and Anantapur districts. Qeolo^ of Upper Debing' 

basin in Singpho Hills Microscopio characters of eruptive rocks from Qratral ELiina- 
mas. Mamma lia of Karnul Oaves. Prospects of findmig coal in Western Bafpotana. 

_ wv® jwbp of Salt-range. Boulder-beds of Salt-rangs. Qondwana Homotaxis. 

PM 8,«-4^logical sketch of VisaMpatam district, Madras. Geolonr of Northern Jesil- 
mer. MipoMpio structure of Malaini rocks of ArvaU xegion. ualaDjkhandi copper^ 
ora in Balaghat distrbti 0. P. 

Port 1 (oat o/|mnt).---Peiroleum in India. Petroleum exploration at Khdtan. Boiring in 
Ohhattisgarh ooal-fielde. Field-notes from Afghanistan : No. S, Turkistaft Bmry 
eruption from one of mud volcanoes of Cheduba Island, Armn. Nammisatbai 
aerolite. Analysis of gold dust from Mesa valley, Upper Burma. 


VoL. XX, 1887. 


Pori f rOpofi for 1886. Field-notes from Afghanistan ; No. 4, from Tnrkistott 
to India. Phynoal nf Wert Bntith QarbwSl; with notes on a ronie traversed 

Jmmssf'Baisar ^ Tiri-Garhwal. Q^ogy of Garo Hills. Indian image- 
rtgms. Mkw p« B^n Island and Narcondam Tal<^ 

teriiehmita el In^ Bchinoidea of ^rtaceout s^es of Lower Nerbada 
acoompany geolo^^ slmtch map of Afghainbtan and 
KortMmem Khc^^ Microsoophr structure of XtejmaM and Ueccan traps. 

W^ty of Olivu series in east with speeded sandstone in west w 

Pnrt^393|ri^?y >M BcatA X MuiWMlrf’s Gartogy of Busito 
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ipar$ imti for 1867, ' CmteUino alid motaiftiun^ vo<to of ' 

Ofti:hiival> inA &iitfiii)iuij fikkotlosoin. Blrda’-nMt of 1 

Mkgo* o| iMalmor, witln • view to dSaoovm of, < , 

from bed feMOkled mdetooe*) of Moimt Ohd m SelftfjNi^^ 

ffodolKt etoikei off Oolombo. 

Pan ll.^wa«d of WoU^ Gold Medal, Qeol^cal ^otM^ of XioodoOi 188& Vbiiflmt 
Byetem m Sooth India. lugeous rocks of Saimir and BMaghat, CentrM Brovin^. 
SfUDsar Marg and Mehowgale coal-fields, KashaafiK ^ 

JFart fi,-— Manganese Iron and Manganese Ores of Jabalpur. * The Oarboxiiferons CHIacdil 
Period.* Pre-tertiary sedimenta^ formatione of BimU ri^n of Lo%w Himaloymu 
Parf 4^'— fossil vertebrates. Geology of North-^m fiimalayaB. Blown-saijd rook 
sculpture. Nummuhtes m Zanskar. Mica tr^ fzm^Barakar aod Baoigan; 


Voi. XXfl, 1889. 

Part i (cut of print) —Annual report for 1886. Dharwar System in South India. Walra 
Karur diamonds, and M. Ohaper*s alleged, discovery of diamonde in pegmoute. 
Generic position of so called Plesiosaurus Indious Flexible sandstone or ItacolniOite, 
its nature, mode of occuirence in India, and cause of its flexibility. Siwmik and 
Narbada Cheloma 

fi — Indian Steatite Distorted pebbles in Siwahk conglomerate. * Garboniferoua 
Glacial Period * Oil fields of Twingonng and Berne, Boima Gypsum ot Nehai Nadi, 
Kumaun. Mateiials for pottery in neigmmurhoOd of Jabalpur and Umario. 

Part 3.-^oaX outcrops m Shaiigh Valley, Baluchistan. Tnlobites in Neobcdus beds of 
Salt-range. Geological notes. Cberra Poonjee coal-fleld, m Khasu, HiUs. Cobalti- 
ferous Matt from NepM President of Qecflogical Society of London on IntemaUonal 
Geological Congress cf 1888. Tin-miniug in Mergni distnch 

Part ^ (cut of prmt) — Land-tortoises of SiwMiks Pelvis of a ruixunant from Siwaliks. 
Assays from Sambhar Salt Lake in Bajputana. Mangamferous iron and Manganese 
Ores of Jabalpur Palagonite bearmg toaps of ft4]mahi(l hills and Deccan. Tin- 
smelting in Malay Peninsula. Provisional Index of Local Distribution of In^rtant 
Minerals, Miscellaneous Minerals, Gem Stones and Quarry Stones in Indian Empire. 
Fart 1. 


Vot. XXIII, 1890. 

Part i.—- Annual leport for 1889 Lakadong ooal-flelds, Jaintia Hills. Pectoral and pelvic 
girdles and skml of Indian Dicynodonts. Vertebrate remains from Nagpur district 
(with description of fish-skull). Crystalline and metamorphio rooks of Diwer nima- 
layas, GarhwM and Kumaun, Sectioa IV. Bivalves of Olive group, Salt-ranga 
Mud banks of Tra>ancore coasts. 

lart $ (cut of punt) —Petroleum explorations in Harnai distiict, Baluchistan. Sapphire 
Mines of Kashmii Supposed Matrix of Diamond at Wajra Karur, Madras ^napet 
Goldfield. Field notes from Shan HUls (Upper Burma). New species of Byring- 
osphasridiB. 

Part S lout of pnnt).— Geology and Economic Eesourcca of Country adjoining Sind-Pishin 
Bailway between Sharigm Mid Spintangi, and of country between it and Khattan. 
Joniuey through India in 1888-89, by Dr. Johannes Waltber Coal-fields of Laimngao, 
Maosandram, and Mao-belar-kar, m^the Ehasi Hills Indian Steatite. Provtsionia 
Index of Local Distributioa of Important Minerals, MisceUaneous Minerals, Gem 
Stones, and Qnarry Stones in Indian Empire. 

Port (cut of print) —Geological sketch of Naini Tal ; with lemarks on natural conditions 
governing mountain slopes. Fossil Indian Bird Bones. Darjili^ Coal between Idsn 
and Bamtbi rivers. Basio Eruptive Bocks of Kadapah Axea. Deep Boring at Ln&« 
now. (^al Seam or Dore B8Viiie> Ha»nk ^ » 


VoL. XXtV, 189t 


Ceylon. , __ , 

^ Beh * from AB^bln Korth-Wcslim Prov^osk. 


BaiiniiMiiai* 'Anff 


rsngs, Pimjsb. z 

P«f( oa sew UodMii Kot, ia eban^ oomttaT. Sitlriiogim BiOib lawni w'/am 
Sol^nun HiQ*. Qeolo» BWf, Uonl-ttlfy ia Sbait MtSU . 
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J^art $i!kii«l Mfiniolw. X)fwjp&ig Coal Kkplorat&aa CMogx and 


^voa. XXV, vm ' 

Part t o-^Aonttal repOft lor 1$91« Qedogy of Thai ObotiiU and pait o£ Mari couniry^ 
P«irologi«!al Motoa^oh Bootde^b6d Of SaK^rahgo^ Pnnjah* &b*reoeiit and Baem 
Depoaita of valUy plaina of Qnotta^ Plaliii^ and I)wM«Podacdai: with appendkaa on 
Chamana of Queita ; and Aiteiian water-aupply of Quetta add Piahxn* 

Port 9 (out of ptfit)*— Gedogy of SafM Jherria Coai^i&eld. ^ 

Part d.-^Ljeicality of Indum Taoheffkinite. Oeologrcal Bketoh of oountry north of Bbraio* 
BoonDinfe iroaouroea at Amber and Jade minea area in Upper Surma. Iron-otea and 
Iron Indnatnea of Salem Budriei. lUebeokite tn India. Coal on Great Tenaeaenm 
SiwaTv Lower Bnmia* 

Part Spnnga at Moghal £ot in Shiiani Hilla. Idineral Oil from Soleiinan Qilla* 

New* Aihber^plike Beam m Burma. Tnaaaic Depoaita of Salt-range. 


Voi. XXVI, 1803. 

Patt 1 -^Annual report for 1802 Central Himalayaa Jadeite in Upper Burma Bur- 
mite, new Foaail Beain from Upper Burma Proapectmg Operariona^ Mergui Diatri€t« 
1801-92. 

Patt g.-^Earthquake in Balnohiatan on 20th Deoember 1892. Burmite, new amber-lihe 
foaail ream irom Upper Burma. Alluvial depoaita and Subterranean watar-eopply of 
Rangoon. 

part 5.-^eo]ogy of Sberani Hilla Carboniferous Foacola from Tenaaaerim. Boring at 
Ohandernagore. Granite in Tavoy and Me^u^ 

Part I — Geoto^ of cOputry between Chappar Rifr and Harnai in Balucbistdn. Geology 
of part of Tenaaaeiim Valley with special reference to Tendau-Kamapying Coal fieM. 
Ma^tite containing Manganese and Alumina. Hialopite. 


Vot. XXVII, 1894. 

Patt l.-^Annual report for 1898. Bfaaganwala Coal-heldf Bait-range, Punjab. 

Patt g.<-«Petroleum from Burma. Smgareni Coal-field, Hyderabad (Deccan). Gohna 
Landslip, Garhwal. 

Part y.— Cambrian Formation of Baatem Salt-range. Giridih (B^rharbari) CoaLMda 
Chipped ( Flints in Upper Miocene of Burma Velatea SchmideUana, Cheoui., and 
Provelatea grandie. Sow. ap , in Tertiary Formation of India and Burma. 

Patt A— Oeolo^ of Wuntbo in Upper Burma. Echinoida from Upper Otetaceona foatem 
of Baluchi8t4n. Highly Phoaptotio Mica Peridotitea intruilve in Lower Gondwana 
Bocks of Bengal. Mica-Hypersthene-Homblende Pendotite in Bmigal. 


VoL. XXVIII, 1895. 

Patt 1 —Annual report for 1894. Cretaceous Formation of Pondicherry. Sarly ilkaioo 
to Barren Island. Bibliography of Barren Island and Narcondam from 1884 to 1QM> 

Part $ —Cretaceous Bocks of Southern India and geographical ccndirioua during later 
oretaoeoua times. Experimental Boring for Petimenm at Sukkur from October 1883 
to March 1896. Tertiary ayatem in Burma 

Part y.— Jadeite and other rodca, Irom Tammaw in Upper Burma Geology of Tochi 
Valley. Lower Gondwanaa in Aiwentina. 

Patt f-^lgneoua Boriu of Qindih (Kurhurbaree) Ooal-firid and their Contact SffeeU, 
Vindbj^B mtem south of Sqne and their relation to ao-oalled Lower Vindhyaiu. 
Lowen VIndhyan area of Sone Valley. Tertiary system in Burma. 

Von. XXIX, 1896. 

Part f— Annual leport for 1885. Acicular amlnsions in Indian Garnets. Origin and 
Growth of Garnets and of their Micropegmatitic intergrowtha in Pyroxenic rocks. 

Part y.— Ultra-basio rorics and derived minerals of Chalk (Mafpesita) hiBa, and other 
looalithhi near Salem, Madras. Corundum locaUUea In Salem and Coimbatora dlstriole, 
Madrda. Cevnndum and Kyanite in Manbbum dUmtot^ Bengal. Anobjit Geegkpbp 
of •'Gondwamilaiid.'* Hotaa. 

Patt y.-*4gneoua Books from the Todhl Volley, Nptaa- 

Part fi^^diatrici, ttmnat Xi^wer V&dbyhn (Sbh^Kc^iM) area of 
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VoL. XXX, 1807. 

Pnrt /.^Aanual rapori for 1806. Norite end associated Basic Dykes and La^Bows In 
Southern India. Qenus Vertebraria. On Qlossopteris and Vertebraria. 

PaH f.--Oretaoeous Deposits of Pondicherri. Notes. 

Purt S^-^Xiovr structure in igneous dyke. Otivine-norite dykes at Coonoor. ExoaTations 
for corundum near Palakod, Salem District. Occurence of coal at Palana in Bikanit. 
Geological specimens collected by Alg^Q-Balach Boundary Commission of 1806. 

Part Jf . — Nemalite from Afghanistan. Quartz>barytes rock in Salem District, Madras 
Presidency. Worn femur of Hippopotamus irravadicus, Oaut. and Falo., from Lower 
Pliocene of Burma. Supposed coal at Jaintia, Baxa Duars. Percussion Figures on 
micas. Notes. 

VoL. XXXI, 1904. 

VaH I (out of print) — Prefatory Notice Oopper-ore near Koraai, Darjoeling district. 
Kewan beds in Vihi distiict, Kashmir. Coal deposits of Isa Khel, Miatiwali district, 
Punjab. Um-Rilong coal-beds, Assam Sapphirine-be^ing lock from Vizagapatam 
district. Miscellaneous Notes. Assays. 

Part 9 (out of print) — Lt.-Genl. C. A. McMahon. Cyclobus Haydeni Dieuer. Auriferous 
Occurrences of Chota Nagpur, Bengal. On the feasibility of introducing modem 
methods of Coke-making at East Indian Railway Collieries, with supplementary note 
hv Director, Geological Survey of India. Miscellaneous Notes. 

P*ir* t (out of print). — CTpper Palaeozoic formations of Eurasia. Glaciation and History 
of Sind Valley. Halorites in Trias of Baluchistan. Geology and Mineral Resources 
of Mayurbhanj. Miscellaneous Notes. 

/V * { iout of 7Vm/ )— Geology of Upper Assam. Auiifeious Ociuriences of Assam. 
Curious orcuirence of Scapolite from Madras Presidency. Miscellaneous Notes. Index. 

Vot. XXXII, 1905. 

Part 1 (out of print). — Review of Mineral Production of India during 1898 — 1903. 

Part i (out of print). — General report, April 1903 to December 1904. Geology of Pro- 
vinces of Tsang and l) in Tibet. Bauxite in India. Miscellsneous Notes. 

Part S (out of pnnO.— Anthraoolithic Fauna from Subansiri Gorge, Assam. Elephas 
Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna of Tropites-Limestone 
of Byans. Amblygonite in Kashmir. Miscellaneous Notes 

Part — Obituary notices of H. B. Medlicott and W. T. Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXH. 

Vot. XXXIII, 1906. 

Part 1 (out of ^n'n0-*—Mineral Production of India during 1904. Pleistocene Movement in 
Indian Peninsula. Recent Changes in Course of Nam-tu River, Northern Bban States. 
Natural Bridge in Gokteik Gorge. Geology and Mineral Rebources of Namaul Dis- 
trict (Patiala State). Miscellaneous Notes. 

Part t (out of prtift).~kTeneral report for 1905. Lashio Coal-field, Northern Shan States. 
Namma, Mansang and Man-ee-le Coalfields, Northern Shan States, Burma. Mis- 
cellaneous Notes. 

Part $ (out of prtnt),— -Petrology and. Manganese-ore Deposits of Sausar Tahsil, Ghhind- 
wara district, Central Provinces. Geology of part of valley of Eanhan River in 
Nagpur and Chhindwara districts. Central Provinces. Manganite from Sandur Hills. 
Miscellaneous Notes. 

Part ^ (out of mint). — Composition and Quality of Indian Coals. Classification of the 
Vindhyan System. Geology of State of Panna with reference to the Diamond- 
hcdiing Deposits. Index to Volume XXXIII. 

Vob. XXXIV, 190& 

Part /.•— Fossils from Halorites Limestone of Bambanag Cliff, Eumaon. Upper-Triassio 
Fauna from Pishin District, Baluchistan. Geology or portion of Bhutan. Coal Ooeur- 
rences in Foot-hills of Bhutan. Dandli Coal-field : Cfoal ootorops in Rotli Tehril of 
Jmmu State. Miscellaneous Notes. 

Part S (out of vriiit ). — Mineral Production of India during 1905. NuminuUtes DonviUei, 
with remarks on Zonal Distribution of Indian Nummnlites. Anriferous Tracts in 
Southern India. Abandonment of Collieries at Warora, Oentral Provinoea. Mis- 
cellaneous Notes. 

Part S -—Explosion Craters in Lower Ohindwin district, Bunna. Lavas of Pavagad BliU. 
(Ubbsite with Manganese-ore frmn TalevadL Belgaum district, and Gibbsite feesB 
Bhekowli, Satar District. Classification of Tertiary System in Sind with refesenca 
to Zonal distribution of Eocene Bohinoidea. 
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k (mie 0 / wad Naadra Coal-fieMB^ Upper Aasam. Makum Coal-fields 
between Tirap and Namdang Streams. Kabat Anticline, near Seiktein, Myingyan 
matiM, Upper Burma* Asymmetry of Iteoangyat-Singa AnticUne, Upper Burma. 
Northern p^ of Gwegyo Anticline, Myingyan INstnct, Upper Bnrma. Breyaia 
Mnltituberculata, from Nari of Baluobxstw and Bind. Index to Vohxme XXXIV. 


Vot. JfXXV. 1907. 

Pt prtnO.^Oeneral leport for 1906. Orthophragmina and LepidocycUna id 
Nnmmulitic Series. Meteoric Shower of 23nd October 19(B at Dokdchi and neighbour- 
hood, Dacca District. 

— Indian Aerolites. Brine- wells at Bawgyo, Northern Shan States. Gold-bearing 
Deposite of Loi Twang, Bban States. Physa Prinsepii in Maestrichtian strata of 
Baluchistan. Misoellaneous Notes. 

Part y.-— Prel^nary survey of certain Glaciers in North-West Himalaya. A.— Notes on 
certain Qlamers in North-West Kashmir. 

Part ^.--Preliminary survey of certain Glaciers in North-West Himalaya. B,— Notes on 
^rtain Glaciers in Lanaul. C.- Notes on rertain Glaciers in Kumaon. Index to 
Volume XXXV. 


Vot. XXXVI, 1907-08. 

Parf ^.--Petrological Study of Bocks from hill tracts, Vizagapatam district, Madras 
Presidency. Nepheline ^enites from hill tracts, Vizagapatam district, Madras Presi- 
dency. Stratigraphical Position of Gangfunopteris Beds of Kashmir. Volcanic out- 
burst of Late Tertiary Age in South Hsenwi, N. Shan States. New snidas from 
Bngti Hills, Balnchistan. Permo-Carboniferons Plante from Kashmir. 

Part 2 (out of priut ). — Mineral Production of India during 1906. Ammonites of Bagh 
Beds. Miscellaneous Notes. 

Part S , — ^Marine fossils in Yenangyaung oil-field, Upper Bnrma. Fresh-water shells of 
genus Batissa in Yenangyaung oil-field, Upper Bnrma. New Species of DendrophylUa 
from ^per Miocene of Burma. Structure and age of Taungtha hills* Myingyan dis- 
trict, Upper Bnrma. Fossils from Sedimentary rooks of Oman (Arabia). Rubies in 
Kachin hills, Upper Burma. Cretaceous Orbitoides of India. Two GalonUa Farth- 
qnakes of 1906. Miscellaneons Notes 

Part J^. — Pseudo-Fucoids from Pah sandstones at Fort Munro, and from Vindhyan series. 
Jadeite in Kachin Hills. Upper Bams, Wctchok Yedwet Pegu outcrop, Alagwc dis- 
trict, Upper Burma. Group of Manganates, comprising Hollandite, Psilomelane and 
Goronadite. Occurrence of Wolfram in Nagpur district, Central Provinces. Mis- 
cellaneous Notes Index 10 Volume XXXVI 


VoL. XXXVII, 1908-09. 

P«o' /. — General rcpoit for 1907. Mineral Production of India during 1907 O^'urrente 
of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 

Part y.—Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind. 
§®ology and Mineral Resources of Rajpipla State. Suitability of sands in Rajmahal 
Hills for glass manufacture. Three new Manganese-bearing minerals : — Vredenbnrgite, 
Qitaparite and Juddite. Laterites from Central Provinces, Miscellaneous Notes. 

Gwegyo Hills, mcludiiig Payagyigon-Ngrt.shandaung Oil field. 
Silver-lead mines of Bawd win, Northern Shan States* Mud volcanoes of Arakan 
Coast, Burma. 

Part 4. — Gypsum Deposits in Hamirpur district. United Provinces. Gondwanas and 
lelated marine sedimentary .system of Kashmii Miscellanecjs Notes Index to 

Volume XXXVII. 


VoL. XXXVIII, 1909. 

Part J — General report for 1908 ^Mineral Pioductioii of India during 1908 
Part y.— Ostrea latimarginata in Burma China clay and Fire-clay of Rajmahal Hills. 
Coal at Gilhurria. Pegu Inlier at Ondwc Salt Deposits of Rajputana. Miscellaneous 
Notes. 

Part $ — Geology of Sarawan, Jhalawan and Las Bela. Hippurite Uraeitoue m Seistan. 
Afgan FusulinidsD. Miacellaneons Notes. 


- * ■■■■ I r 

The price fixed foi the publications is 1 rupee (Is 4d.) each pait, or S ruoe«» (2s. Bd,) 
^ach volume of four part 
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HISCEllANEOUS PUBLICATIONS. 

tte OMtonr of Indift. 4 Vola. With nuip 1879-1887- 
m L BmlnmlM Ate*. ) By H. B. Hodlicott and W. T. BlMifotd 

V<w, 8. Bxtm Feiiinmbiy Area, j lout of print). 

VoL 3. Emomio Otology. By V Ball out of print). 

^ ..VoL 4. Mineralogy. By P, B. Mallet Pnce 2 rup^e. 

A Mtuanal of the Qeotogy of India^ 2ad edition. By B. JD. Oldbam (1893). Frfoe 8 nipeefo 
A of Otology of Indiay Economic Geology, by the late Prof. V. BaU, 8tid 

edition, reviied in parte. 

Part L--^onindiim. By T. H. Holland (1898). Price 1 mpee. 

Popular guidee to the Geological ooUections in the Indian Mnseuni, Calontta— 

No. L Tertiaiy TertebriM animals. By B. Lydekker (1879) (out of print). 

No. 2. Minei^ By P. ». Mallet (ISfO) {out of print). 

No. 3. By P. Pedden (1880) (out of pnnt). 

No. 4. Palaeontological collections. 0. Pexstmantel (1881). Price 2 annas. 

No. 5. Economic mineral prodncts. By F. B. Mallet (lu83) {out of print). 

An introdaotion of the Chemical and Physical study of Indian Minerals. By T. H. 
Holland (1898) {out of mint). 

Oatalogne of the remains of Siwallk Vertebrata contained in the Oeolmcal Department of 
the Indian Mnseom. By B. Lydekker, Pt. I. Mammalia (188o). Price 1 rupee. 
Pt. II. Ayes, Beptilia, and Pisces (1886). Price 4 annas. 

Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata conjtained in the 
Geological Department of tbo Indian Museum. By B. Lydekker (1886). Price 4 
annas. 

Bibliography of Indian Geology. By B. D. Oldham (1888). Price 1 rupee 8 annas. 
Beport on tne geological structure and stability of the hill slopes around Naini Tal. By 
T. H. Holland (1897). Price 3 rupees. 

Geological map of India, 1893. Scale 1^=96 miles {out of print). 

General Beport for the. period from Ist January 1897 to the 1st Aptil 1896 Puce I rupee. 
Qeniral Beport for the year g898 09 (cut of print). 

General Beport for the year 1809-1900. Price 1 rupee. 

General Beport for the year 1900-1601. Price 1 rupee. 

General Beport for the year 1601-1902 Price 1 rupee 

General Beport for the year 1902-1903. Price 1 rupee. 

Contents and index to Biecoids, Vols I-XX and Vols. XX1*XXX. Price 1 rupee each 
Contents and index to Memoirs, 1859 1883 (First twenty volumes). Price I rupee 
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fj. 

Pairt and MaMndim on east coaat ol Arabia. Saampla ol loo4 JornUf. 

Axial jpoitt of Wailara PromA Oaol<^ of Bombajf PnildiMaegr* 

m nortbem tagion of Satpora baaio. Svidakitie afforded \a raued bpaliar 
baalto oa oaavu af ladia, in eetuaatiag loaoaiit of elevaiUoa iadmtaa tbamp. 
Poeaible field ol ooel-meaearee ia Godavari district, Madras Presidsnoy* XtSDieia or 
latratrappeaii fonaatioa of Ceoiral India* Petroleion localities in Pegu, fiap^oslid 
oAbOOImI umesU^ of fellaifi Bile. 

rcZ VI, I8W. 

Port Z.^Aniioal report tor 1^. Geology ol North-West Provinces. 

Port f«— ^istampnr ooal-fiela. MmerslSpcal notes on gneiss of south Mirsapnr and ad» 
joinina country. 

Port A— &lt in ossiferous deposits of Narhada valley (Pliteene of Paleoner) : on aM of 
deposits, and oii associate shells. Barakars (coaI.meaBures) in Beddadanole field, 
OiMavevi district Geology of parts of Upper Punjab. Gk»ai in India. Bait-springs 
of Pegu. 

Part 4. — Iron deposits of Chanda (Central Provinces). Barren Islands and Narkondam. 
Metalliferous resources of Bnti^ Burma. 


VoL. VII, 1874. 


Part 1 (out of pnnt).— -Annual report for 1873. Hill ranges between Indus valley in Ladak 
and Shan-i-DuIa on frontier of Yarkand territory. Iron ores of Kumaon. Baw 
materials for iron-smelting m Raniganj field. Elastic sandstone, or so-called Itaoo- 
lumyte. Geological notes on part of Northern Hazaribagh. 

Part fi {out of print}.— Qeologloal notes on route traversed by Yarkand Embassy from 
Shah-i-Dula w Yarkand and Kashgar, dado m Karakas valley, Tnrkistan. Notes 
from Eastern Himalaya. Petroleum in Assam. OoM in Garo Hills. Copper in 
Narbada valley. Potash salt from East India. Geology of neighbourhood of Mari 
hill station m Punjab. 

Part A— •Geological observations made on a visit to Cfaaderkul, Thian Shan range. 
Farmer extension of glaciers within Kangra district. Building and ornamental stones 
of India. Materials for iron manufacture in Baniganj coal-field. Manganese-ore in 
Wardha coal-field. 


Part 4 (out of print).— Auriferous rocks of Bhambal hills, Dharwar district. Antiquity 
of human race in India. Coal recently discovered in the coontry of Lnni Pathans. 
sonth-east comw of Afghanistan. Progress of geological investigation in Godavari 
district, Madras Presidency. Snbsidiary materius for artificial fneL 


VoL. VIII, 1876. 

Part /.—Annual report for 1874. The Altom- Artush considered from geological point of 
view. Evidences of * ground-ioe * in tropical India, during Talchir period. Trials of 
Raniganj fire-bricks. 

Part $ {out ofprtnt) -Gold-fields ol south-east Wynaad, Madras Presideni^* Geological 
notes on Kbareean hills in Upper Punjab, water-bearing strata of Burat district 
Geology of Scindia's territories. 

Part S {out of print).— Shahpur coal-field, with notice of coal explorations in Narbada 
region. Coal reoentW found near Mofiong, Khasia Hills. 

Part 4 {out of pnat).— -Geology of Nepal. Baigarh and Hingir coal-fields. j 


VoL. IX, 1876. 

Part 1 {out of print). — Annual report for 1876. Geolm of Bind. 

Part g.— Retirement of Dr. Oldham. Age of some forail fioras in India. Cranium of 
Btegodon Ganesa, with notes on sub genus and allied forms. Sub Himalayan series in 
Jamn (Jammoo) Hills. 

Port g.— Fossil fioras in India. Geological age of certain groups comprised in Gondwana 
series of India, and on evidende they afford of distinct zoological and botanical terres- 
trial regions in ancient epochs. Relations of fossiliferous strata at Maleri and Kota, 
near Siioneha, 0. P. Fom mammalian f aunts of India and Burma. 

Part 4 . —Fossil floras in India. Osteology of Merycopotamus dissiraiUs. Addenda and 
Corrigenda tq paper on tertiary mfunmalia. Plesiosaurus in India. Geology of Pir 
Panju and neighbouring districts. 

Von. X, 1877. 

part /.—Annual report for 1876. Geological notes on Great Indian Desert between Sind 
and Rajputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 76 niiles 
north ai Lhassa. Bstheria in Gondwana formation. Vertebrata from Indian tertiary 
and secondary roiAs* New Emydine from the npper tertiaries of Northern Panjab. 
Observations on under-gromid temperature. 
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

VoL. 1, 1868. 

Part 1 {out of prin^, -AiiiuiaI npdrt for 1867. Coal-8eain» of Tawa v^y. Coal in 
Qarrow Hills. Copper in Bunaelkund. Meteorites. 

Part $ (out of pirtft^).-^aKseains of neighbonrhood of Chanda. Coal near Nagpur. Geo- 
logical notes on Surat oollectorate. Cephalopodous fauna of South Indian cretaceous 
deposits. Lead in Baipur district. Ooalln Eastern Hemisphere. Meteorites. 

Part S {out of pnnt).— Oastropodous fauna of ^uth Indian cretaceous deposits. Notes on 
route from Poona to Nagpur vUi Ahmednuggur, Jalna^ Loonarf Yeotmahal^ Mangali 
and Hingnnghat. Agate-nake in pliocene ( T) deposits of Upper Godarery. Boundary 
of Yindhyan series in Bajputana. Meteorites. 


VoL. II, 1869. 

Part 1 {out of print).— Valley of Pooma river. West Berar. Kuddapah and Eurnool 
formations. Geological sketch of Shillong plateau. Gold in Singhboom, etc. Wells 
at Hazareebagh. Meteorites. 

Part g.— Annual report for 1868. Pangshura tecta and other spedes of Chelonia from 
newer tertiaiy deposits of Nerbudda valley. Metamorphic rocks of BengaL 

Part g.— Geology of Euch, Western India. Geology and physical geography of Nicobar 
Islands. 

Part i {out of print).— Beds containing siiicified wood in Eastern Prome, British Burma. 
Mineralo^ccd statistics of Kumaon division. Coal-field near Chanda. Lead in Baipur 
district. Meteorites. 

You III, 1870. 

Part /.—Annual report for 1860. Geology of neighbourhood of Madras. Alluvial depositi 
of Irrawadi, contrasted with those or Ganges. 

Part g {out of prinO-'^^Ieology of Gwalior and vicinity. Slates at Cbiteli, Eumaon. 
Lead vein near Chicholi, Baipur district. Wardha nver coal-fields, Berar and Cen* 
tral Provinces. Coal at Earba in Bilaspur district. 

Part S {out of print).— Mohpani coal-field. Lead-ore at Slimanabad, Jabalpur district. 
Coal east of Chhattisgarh between Bilaspur and Ranchi. Petroleum in Burma. Petro- 
leum locality of Sudkal, near Futtiiung, west of BawalpindL Argentiferous galena 
and copper in Manbhum. Assays ox iron ores. 

Part t {out of print),-^e6logy of Mount Tills, Punjab. Copper deposits of Dalbhum 
and Singbbum : 1.— Copper mines of Singbhum : 2.— Copper of Dalbhum and Bing- 
bhum. Meteorites. 

Von. IV, 1671. 

Part /. — Annual re^rt for 1870. Alleged discovery of coal near Gooty, and of indications 
of coal in Cudaapah district. Mineral statistics of Kumaon division. 

Part g.— Axial group in Western Prome. Geological structure of Southern Eonkan. 
Supposed occurrenoe of native antimony in the Straits Settlements. Deposit in boUers 
of steam-engines at Baniganj. Plant-bearing sandstones of Godavari vMtoy, on south- 
ern extensions of Kamthi group to neighbourhood of Blllore and Bajamandri, and on 
possible occurreLce of coal in same direction. 

Part g.— Borings for coal in Godavari valley near Dnmagudem and Bhadrachalam. 
Narbada oNd-basin. Geology of Central Provinces. Hani-beating sandstones of 
Godavari valley. . 

Part A—Ammonite fauna of Kutch. Uugur and Hengir (Gangpnr) Coal-field. Sandstones 
in neighbourhood of first barrier on Godavari, and m country between Godavari and 
BUote* 

Vot. V, 1872. 


Part /. — ^Annual report for 1871. Relations of rocks near Murree (Mari), Punjab. Mineral- 
ogical notes on gaeiaa of South Mirzapur and adjoining country. Sandstones in 
neighbourhood of first barrier on Godavari, and in ooun^ between Godavari and 
SUoie. 


Part g.— Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, and 
some of Gulf Islands. Parts of Kummummet and Hanamoonda distiiots in Nisam's 
Dominions. Geology of Orissa. New coal-field in south-eastern Hyderabad (Deccan) 
territory. 



Upper TnasMo Ceptialopoda Fauiwe of the Stmalaya : Vrf. Ill, pt 1 (10W), by Ur. 
von Mojaisovidj pp* X5?. pi g , 22 * ^ 

Trias Bracbiopoda and liamelubraachiata : VoL III, pt. 2 (1099), by Alexander Bittner, 
PP* 76| p]& 12 (2 double). ^ 

The Fauna of the Witi Sfaalee t Vol. IT, Ft. 1, FaMS. MIMS). 1 $. U2, U{ FaM. 8 
(IfllO), pp. 135-W, pi. « 18 double). By Dr. V. XJWig. , 

The Fauna oi the T^j^tee-Liuiestone of^Byans : VoL V, Memoir NOe 1 (1906), by Ibr. v* 
Oiener. pp% 201, pla. 17 (1 doable). 

The Fauna of the Hima^nyan Musohelkalk : VoL V, Memoir No, 2 (1007), by Dr. 0. 
Dieoer, pp. 140, pie. 17 (2 dloable). 

Ladinio, Garnio and r^ic faunsB of Spiti : Vol. V, Memoir No. 3 (1908), by Dr. C. Diener, 
pp. 167, pis. 24 (3 doable). . < 

Lower-Triassic Cephalopoda from Spiti, Malla Johar and Byane : Vol. VI, Memoir No, 1 
(1909), by Dn. A. von Erafft and G. Diener, pp. 186, pie. 31. 

The Fauna of the TraumatocrinuB Limestone of Tainkhanda : VoL VI, Memoir No. 2 
(1909), by Dr. C. Diener, pp. 30, pis. 5. 

The Cambrian Fossil of Spiti : Vol. VII, Memoir No. 1 (1010), pp. 70, pis. 6, by F. B. G. 
Bead. 

The Ordovician and Silurian fossils from the Central Himalaya^ Vol. VII, Memoir No. 2 
{in the Press), by F. B. C. Beed. 


(Sbb. XVL)-BALUCHISTAN fossils, by FBITZ NOBTLING. Ph.D., F.Q.S. 

The Fauna of the Kellaways of Mazdr Drik : Vol. I, pt. 1 (1896), pp. 22, pis. 13. 

The Fauna of the (Iseocomian) Belemnite Beds : Vol. 1, pt. 2 (189^, pp. 6, pis. 2. 

The Fauna of the Upper Cretaceous MaSstrichtien) Beds of the Man Hills : Vol. 1, pt. 3 
(1897), pp. 79, pis. 23. 

(NEW SEBIES.) 

The Caikibrian Fauna of the Eastern Salt-range : Vol. I, Memoir 1 (1899), E. Bedlich, 
pp. 14, pi. 1. 

Notes on the Morphology of the Pelecypoda : Vol. I, Memoir 2 (1899), Fritz Noetling, 
pp. 58, pis. 4. 

Fauna of the Miocene Beds of Burma : Vol. 1, Memoir 3 (1901), Fritz Noetling, pp. 378, 
pis. 26 (out of print)* 

Observations but quelques Plantes Fossilea des Lower Gondwanas : Vol. II, Memoir 1 
(1902), B. Zeiller, pp. 39, pis. 7. 

Permo-Carboniferous (Lower Gondwana) Plants and Vertebrates from Kashmir : (1) 
Plants, by A. 0. Seward ; (2) Fishes and Labyrinthodonts, by A. Smith Woodward : 
Vol. II, Memoir No. 2 (1905), pp. 13, pis. 3. 

The Lower Palaeozoic Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoii 
No. 3 (1906), by F. B. 0. Beed, pp. 164, pis. 8. 

The Fauna of ine Napeng Beds or the Bhastic Beds of Upper Burma : VoL II, Memoir 
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9. 

The Devonian Faunas of the Northern Shan Spates : Vol. II, Memoir No. 6 (1908), by 
F. B. 0. Beed, pp. 183, pis. 20. 

The Mollusca of the^nikot Senes : Vol. Ill, Pt. 1, Memoir No. 1 (1909), pp. xiz, 83, 
pis. 8, by M. Cossmunn and G. Pissan'o. Introduction, by E. W. Vredenburg. 

On eome Fish-remains from the Beds at Dongargaon, Central Provinces : Vol. III. Memoir 
No. 3 (1908), by A. Smith Woodward, pp. 6, pi. 1. 

The Fossil Girallidae of India : Vol. Ill, Memoir No. 4 (m the Press), by G. E. Pilgrim. 


The price fixed for these pnblieations is four annas (4 pence) per single plate, with a 
minimum charge of Be. 1.. 
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IbidtAlf i94 mat Bmiaiirito from Um Biwamo. Pi. 4} BiwaUk Bicda. 
Pk 6} UartodW Tank tMm Parim Iiland. Pt. 6} Bimlik rod Nar* 
hm Chalania. Vi. t{ Biwalik Otoaodilia, Iroiaitilia rod Opbidia. 

vW IL pk t, SilSSSllKwUa (SapIpltiaMii J.)| pMB, ida. 6. 
vob IT, pk % 1886b llto Vtom of ika Kaairal aavaa (and addroonm to pk 1); pp. 40 
(»-«, pla. 6 (va-xi). ' r ; ri- 

VcVfa IVf pty Z, lw7« Bioceii9 Chelonift from iho Salt-ra&ge; pp. 7 (50— 65), pit. 2 (xil^ 
xiifj. 


(Sn. Vllp X1V.)-'TEETIABY AND UPPEB OBETAOEODd FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCY BLADEN, €icceyt Pt. 1, by 
F. erOLIOZKA. 

Vot. Ip pp. 16+110+382+018^500, pB. 5+28+5B+13»104. 1871-85. Pb. 1 ; Teriiaiy 
Grabs from Sind and Kach. Pt. 1 (new 2) : Sind Fossil Corals and 
Aloyonaria; by P. Martin Duncan. Pt, 3 : The Fossil Eehinoidea of 
Sind : Fat, 1, The Cordita btaumonti beds ; Fat, $, The Ramkot Senes 
in Western Sind; Fat, 8, The Khirthar Series; Fat, 4, The Nan 
(Oligooen^ Series; Fat, S, the Gaj (Miocene) Series; Fat, 5, The 
Makrin (Pliocene) Series ; by Duncan and Sladen. Pt. 4 : The Fossil 
Eehinoidea of Kach and Kattywar, by Duncan, Sladen and Blanford. 


(Sia Xlll.)— SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D. 

Productus-Limestone Group : Vol. 1, pt. 1 (18^). Pisces, Cephalopoda, pp. 72, pis. 6* 

pie ■ 


i). Gastropoda and supplement to pt. 1, 
pp. Ill (73-183), pis. 10 (1 double), (vU— 
xvi). 

„ „ „ „ 3 (1881). Pelecypoda, pp. 144 (185—328), pis. 8 

(xvii — ^xzi^. 

„ „ „ „ 4 (1682-^). Brachiopoda, pp. 442 (320-770), 

pis. 62 (zxv— Izzzvi). 

„ „ I, I, 5 (1885). Bryozoa— Annelidee— Echinodermata, 

pp. 64 (771—834), pis. 10 (Ixzxvii— zovi). 

„ „ „ „ 5 (1886). Ccslenterata, pp. 90 (83^924), pis. 20 

(zcvii — cz\i). 

„ „ ,, „ 7 (lo87). Coelenterata^ Protozoa, pp. 74 (025— 

998), pis 12 (ozvh— czzviii). 

Fossils from the Ceratite Formation : Vol. II, pt. 1 (1895). Pisers— Ammonoidea, pp. 324, 
pis. 40* 

Geological Results : Vol. IV, pt. 1 (1889), pp. 1-88, pis. 4 (out of pnnt), 

„ ,1 ft ff f» 2 (1801), pp. 89-242, pis. 8 (out of yrini). 


(Su. XV.)-HIMALAYAN FOSSILS. 

Upper-triassio and Hassio faunee of the exotic blocks of Malla Johar in the Bhot Mahals of 
Kumaon : VoL 1, pt. 1 (1008), by Dr. G. Diener, pp. 100, pis. 16 ^ double). 
AnthracoUtbic Fossils of Kashmir and Spiti ; Vol. 1, pt. 2 (1899), by Dr. 0. Diener, pp. 06, 

The^^rmocarbomferoue Fauna of Ghitichun No. I : Vol. I, pt. 3 (1897), by Dr. C. Diener. 

The S^rndan^^bsi^ of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), 
Dr. G. Diener, pp. 54, pis. 5. 

The reni^iian Foesili of the Cwtral Himalayas : Vd. I, pt. 6 (1003), by Dr. G. Diener, 

The%^2lo^^f the Lower Trias : Vol TI, pt. 1 (1897), by Dr. C. Diener, pp. 182, 

pis. fl3* 

Tha Cephalopoda of the Mnschelkalk : Vol. II, pt. 2 (1895), by Dr. G. Diener, pp. 118, 



PALitONTOLOGlA INDICA. 

(8ia. I, Itl, V. VI, VIII.)-ORETAOEOTJS FAUNA OF_S<JUTHERN INDIA, by 
h\ STOLIOZKA, ezupt VoL. I, Ft. 1, by H. F. BLANFORD. 

Sbb. I & III.--V 0L. 1. The Cephalopoda (1861-65), pp. 216, pb. 84 (6 double). 

V.— VoL. 11. The Gastropoda (1867-68), pp. ziU, 600, pla. 28. 

VI.-VOL. III. The Pelecypoda {1870-71), pp. xxii, 637, pb. 60. ^ 

VIII.— VoL. IV. The Brachiopoda, Oiliopoda, Echlnodermata, Oorab, etc. (1872* 
73), pp. V, 202, pb. 22. 


(era. II, XI. XII )-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by 
O. FEISTMANTEL, except Vol. I, Pi. 1, by T. OLDHAM and J. MORRIS. 

VoL. I, pp. zviii, 233, pb. 72. 1863 79. Pi. 1; Rdjmahdl Gronp, Rf^nahdl Hills, Pi. 2; 

The eame (continued). Pi. 3; Plants from Goupili. Pi. 4; Outliers on 
iae Madras Coast. 

Von. II, pp. xli, 116, pb. 26. 1876-78. Pi. 1 ; Jurassio Flora of Each. Pi. 2 : Flora of 
the Jabalpur Group. 

Vol III, pp. XI, 64+149, pis 80 (9 double) (I— XXXI + lA— XLVIIA). 1879-81. Pi. 1; 

The Flora of the Talchir-Karharbari beds. Pi. 2; The Flora of the 
Dainuda and Panchei Divbions. Pi. 3; The some (concluded), 

WOL, IV, pp. XX vi, 25+66, pb. 35 (2 double) (I— XXI + IA— XIVA). Pi. 1 (1882); 

Fossil Flora of the South Rewah Gondwana basin. Pi. 2 (1886) ^ 
Fossil Flora of some of the coal-6elds in Western Bengal 


(See IX.)-JURASSIC FAUNA OF EACH. 

Vol. I (1873 76). The Cephalopoda, by W. Waaoin, pp. i, 247, pb. 60 (6 double). 

Vol. II, pi. 1 (1893). The Echinoidea of Each, by J. W. Qbbooby, pp. 12, pis. 2. 

Vol II, pt. 2 (1900). The Corals, by J W. Gbbqobt, pp. 196, I — ^Ix, pb. 2S. 

Vol III, pt. 1 (1900). The Brachiopoda, by F. L Kitchim, pp. 87, pb. 15. 

Vol. Ill, pt 2 (1903). Lamellibranchiata : Genus Trigonia, by F. L. Kuchin, pp. 122. 
pb. 10 (out of print). 


(Seb. IV.)-INDIAN PRE-TERTIARY VERTBBRATA. 

Vol. I, pp. vi, 137, pb. 26 1865-85 Pt. 1 (186^; the Vertebrate Fossils from the 
Panchei rocks, by T. H. Huxlut. Ft. 2 (1878) ; The Vertebrate Fossib 
of the Kota-Maleri Group, by SiB P. db M. Gbbz Eqbbton, L. 0. Miall, 
and W. T. Blanfobp. Pt. 3 (1879): Reptilia and Batracbia, by R. 
Ltderkbb. Pt. 4 (1885) ; The Labyrmtbodont from the Bijori group, 
by R. Lydekkbb (out of print), Pt. 5 (1865) : The Reptilia and Am- 
phibia of the Maleri and Denwa groups, by R. Ltdxxkbb {out of print). 


(See. X.)-INDIAN TERTIARY AND POST-TERTIARY VERTBBRATA. by 
R. LYDBKKBR, except Vol. I, P». 1, by R. B. FOOTE. 

Vol. I, pp zxx, 300, pb. 50* 1874-80. Pt 1; Rhinooeros deocanensb. Pt. 2; Mubr 
teeth and other remains of Mammalia. Pt. 3| Crania of Ruminants. 
Pt. 4 ; Supplement to Pt. 3. Pt. 5 ; l^walik and Narbada Proboscidia. 

Vol. II, pp* zv, 363, pb. 46. 1881-84. Pt. 1 ; Siwalik Bhinooerotidaa. Pt. 2 : Snppli^ 
ment to Siwalik and Narbada Probosoidui. Pt. 3; Siwalik and Naroada 
Bqyidw. Pt. 4; Bivalik Cam^pw^dik Pt. 65 Siwalik SalaitodoDt 
Bnua, etc. Pt. 6; Siwalik and Narbada OamiTora. 
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VOft, 1681 3 BiJ t AlghMiilitAfL Pt. 2, 1881 (cui 

0x4 mgfabbvm. Pi. 3» 1881 (])ftce 8 Bi.) i 

VOL. BlXtPil»18te(i»te« 2BB.):0«ehftrEar^ Pk 8, 1882 (pM« 

1 %) t thmaA Spring! of India. Pi. 3, 1883 Iprict 1 Be.) i OaiaTogiie 
of Iddian EartliqnaiEeB. PI. 4, 1883 (ode of pHM) i Geology of parte of 
Maiiiplff and Niga Hilla^ * 

VoL. XX. Pt. 1> 1883 {Out of print ) : Geology of Madura and TixmeveUy. Pt. 2, 1883 
(out dd pnnt) : Geolo^cal notee on Hills in nei^bonrhqoa of Sind and 
PunialniFraAlier between Quetta Dera Ghasi Xban. 

Vofi. XXI. Pt. 1, 1884 [ovU of pfine) : Geology of Lower Narbada Valley. Pt. 2, 1884 
(out of print) : Oology of Kathiawar. Pt. 3, 1885 {out of print) : Goal* 
field of SouuL Bewah. Pt. 4, 1885 {out of print) : Barren Island. 

VoL. XXII. 1883 (pnce 6 Be.) : Geology of Kashmir, Ohamba, and Kfaagan* 

VoCi. XXIII. 18Q1 (^ce 6 Be.) : Geology of Oentrid Himalayat. 

Voa. XXIV. Pt 1, 1887 (o«e of print) : Sonthom Coal-fields of Sdtpnra Oondwdna basio 
Pt 2> 1890 (out of pnnt) i Geology of Sub-Himalaya of Garhwal and 
Knmann. Ft 3, 1880 {out of pnnt) i Geology of South Malabar, be* 
tween Beypore and Ponndni SUvers. 

Von. XXV. 1896 (out of print) : Geology of Bellary District, Madras Presidency. 

VoL. XXVI. 1896 (out of print] : Geology of Hasara. 

VoL. XXVII. Pt 1. 1896 (out of print) : Marine Fossils from Miocene of Upper 
Burma. Pt. 2, Iw (out of print) : Petrolenm in Burma and its techni- 
cal exploitation. 

VoL. XXVIII. Pt 1, 16% (prict 2 Bs.) : Geological Stmotore of Cbitichun region.— - 
AUahbund in north-west of Bann of Knchh.— Geology of parts of l^in- 
gyan, Magwl and Pakokku Districts, Burma —Geology of Mikir Hills 
in Assam. — Geology of Tirah and Bazdr Valley. Pt. 2, 19QD (pnee 
3 Bs.) : Ohamockite Series^ group of Archman Hypersthenic Boocs in 
Peninsular India. 

Von. XXIX. 1900 (price 5 Bs.) : Earthquake of 12th June 1897. 

VoL. XXX. Pt. 1, 1900 (price 2 Bs ) : Aftershocks of Great Earthquake of 12th June 
1897. Pt. 2, 1900 (pnVe 1 Be.) : Geology of neighbourhood of Salem, 
Madras Presidency. Pt 3, 1901 (price 1 Be.) : SiVamalai Series of 
Elieolite-Syenites and Corundum Syenites. Ft 4, 1901 (price 1 Be.) ; 
Geological Congress of Paris. 

VoCr. XXXI. Pt. 1, 1901 (price 2 Bs.) : Geology of Son Valley in Bewah State and of 
Parts of J^abalnnr and Mirzapur. Pt 2, 1901 (price 3 Bs.) : Baluchis' 
tan Desert and part of Eastern Persia. Pt. 3, 1801 (price 1 !^.) ; 
Peridotites, Serpentines, etc., from Ladakh. 

VoL. XXXII. pt. 1, 1901 (price 1 Be.) : Recent Artesian Experiments in India. Ft 2, 
1901 (price 2 Bs.) : Bampur Coal-field. Pt 3, 1902 (price 3 Bs.) : 
*' Exotic Blocks ** of Malla Johar in Bhot Mahals of Knmaon. Pt 4 , 
1004 (price 3 Bs.) : Jammu Coal-fields. 

Von. XXXIII. Pt 1, 1901 (price 8 Bs ) : Kolar Gold-field. Pt 2, 1901 (price 2 Be.) ; 

Art 1 ; Gold-fields of Wain4d. Art 2 r Auriferous Quartzites of 
Parhadiah, Ohota Nagpur. Ait. 3 : Auriferous localities in North 
Coimbatore. Pt 3, 1902 (price 1 Be ) : Geology of Kalahandi State, 
Central Provinces. 

Von. XXXIV. Ft li 1901 (price 1 Be ) ; Peculiar form of altered peridotite in Mysore 
State. Pt. 2, 1902 (price 3 Bs ) : Mica deposits ox India. Pt. 3, 1903 
fprice 1 Be.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 (price 
4 Bs.) : Geology of Persian Gulf and adjoining portions of Persia and 
Anbla* 

VoL. XXXV. Pt 1. 1902 (price 2 Bs.) : Geology of Weetern Bajputana. Pt. 2, 1903 
(price 1 Be.) : Aftersnocks of Great Earthquake of 12th June 18^. 
1^ 3, 1904 (price 1 Be.) : Seismic phenomena in British India and i^ir 
' connection mth its Geology. Pt 4 (in tho Frees) : Geology of An daf^ft.| | 
Mands, with references to Nioobars. 

VoIm XXXVI. Pt. 1, 1904 (price 4 Bs.) : Geology of Smti. Pt. 2, 1907 iprko 3 Bs.) % 
Geology of Provinces of Tseng and tJ in Central Tibet. Pt. 3 (in tAe 
Preteft Trias of the Himalayas. 

Vofeta KXXVII. 1900. Manganese-Ore Deposits of India : Ft. 1 (price 3 Bs.). Introduction 
aoa ^ 2 (prie* Gjo^l Pt S Imiet 8 Bi.), 

Economics and Mining: Pt 4 (price 5 Re.). Description of Deposits. 

Vfit. XXXVIIt WIO (price 5 Bs.) : Kangra Earthquake of 4th April 1906. 

S 



MEMOIRS OF THE GEOiOGiaL SURVEY OF INDIA. 


VOk 1. Pt. 1856 {ou$ of print) : Goal and Iron of Talchir.— Talchir Coal-aeld.- 

Gold-yielding depositi of Upper AB5am.-»Qold from Shnd-gween. Pt 8, 
1858 lout of print) : Geologic vl stiucture of a portion of Khasi Hillfl. — 
Geological etruoture of Nilsiri Hills (Madras). Pt. 3, 1869 tout of pfint) : 
Geological structure and phj^sicsl features of districts of Bankura, Mid- 
napore« and Orissa.— Laierite of Orissa.— Fossil fish-teeth of genus 
Ctratoduo, from Maledi, south of Nagpur. 

Pol. II. Pt. 1, 1860 {out of print) : Vtndhyan rocks, and their associates in Bundel- 
kand. Pt. 2, 1860 (out of print) : Geoloncal structure of central portion 
of Nerbudda District— Tertiary and alluvial deposits of central portion 
of Nerbudda Valley.— Geological relations and probable age of systems 
of rocks in Central India and Bengal. 

VoL. III. Pt. 1, 1863 (out of print) : Baniganj Coal-field.— Additional remarks on 
systems of rocks in Central India and Bengal. — Indian Mineral Statis- 
ucB, I. Coal. Pt 2, 1864 (out of print) : Sub-Himalayan Ranges 
between Ganges and Ravi. 

VoL. TV. Pt 1, 1863 (out of print) : Cretaceous Rocks of Trichinopoly District, 
Madras. Pt 2, 1864 (out of pnnt) : Districts of Trichinopoly, Salem, 
etc. Pt. 3, 1865 (out of print) : Coal of Assam, et<L 

'VoL. V. Pt 1, 1865 (out of print) : Sections across N.-W. Himalaya, from Sutlej to 

Indus.— Gypsum of Spiti. Pt 2, 1866 (out of mint) ; Geology of Bom- 
bay. Pt 3, 1866 (out of print) : Jberia Coal-fimd.— Geological Observa- 
tions on Western Tibet. 

VoL. VI. Pt 1, 1867 (out of print) t Neigbbonrhood of Lynyan, etc., in Bind.— 
Geology of portion of Catch. Pt. 2, 1867, Rep. 1908 (price 2 Rs.) : 
Bokdro Coal-field.— Ramgaih Coal-field. — Traps of Western and Central 
India. Pt 3, 1860 (price 2 Rs. 8 As.) : Tapti and Nerbudda Valleys.- 
Frog-beds in Bombay.— Oasypfcssvs fmsiBiis. 

VoL. VII. Ft 1. 1869 (price 3 Rs.) ; Vindbyan series.— Mineral Statistics.— Coal.— 
ShiUoDg Plateau. Pt 2, 1870 (out of print) : Karharbdri Coal-field.— 
Deoghar Coal-field. Ft 3, 1871 (out of pnnt) : Aden water-supply.— 
Edrinpnra Coal-fields. 

VoL. VIII. Pt 1, 3872 (price 4 Rs.) : Kadapah and Karnnl Formations in Madras 
Presidency. Pt. 2, 1872 (prkt 1 Re.) : Itkhnri Coal-field.— Daltonganj 
Coal-field.— Chope Coal-field. 

VoL IX Pt. 1, 1872 (out of print) : Geology of Kutch. Pt. 2. 1872 (price 1 Re.) : 

Geology of Na^rlKr.— Geology of Birban Hill.— Oarbmferons Am- 
monites. 

VoL. Pt 1 (price 3 Rs.) : Geology of Madras. — Sitpnra Coal-oasin. Pt. 2, 1874 

(price 2 Rs.) : Geology of Pegu. 

VoL. XI. Pt 1, 1874 (price 2 Rs.) : Geology of Ddrjiling and Western Dnars. Pt. 2, 
1876 (price 3 Rs.) ; Salt-re^on of Kohat, Tnns-Indna. 

VoL. XII. Pt 1, 1877 (price 3 Rs.) : South Mabritta Country. Pt 2, 1876 (price 
2 Rs.) : Coal-fields of Ndga HiUs. 

VoL. XIII. Pt 1, 1877 (price 2 Rs. 8 As.) ; Wardha Valley Coal-field. Pt. 2, 1877 
(price 2 Rs. 8 As,) : Geology of R4jmah4il Hills. 

VoL. XIV. 1878 (pnee 5 Rs.) : Geology of Salt-range in Punjab. 

VoL. XV. Pt 1, WB (price 2 Rs. 8 As.) : Anmnga and Hntdr Coal-fields (Palamow). 

Pt 2, 1880 (price 2 Rs. 8 As.) ; Ramkola and Tatapani Coal-flelat 
(Sirg^). 

VoL. XVI. Pt 1, 1879 (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat 18^ 
to Masnlipatam. Pt 2, 1880 (price 1 Re. 8 As.) : Nellore Portion of 
Carnatic. Pt 3, 1880 (price 2 Re.) : Coastal Region of Goddvari 
Distrl ^ 

Vot. XVII. Pt 1, 1879 (price 3 Rs.) : Geology of Western Sind. Pt. 9. 1880 (price 
2 Re.) : Trans-Indns extension of Punjab Salt-range. 
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MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 

Vet L Pt 1, 1866 {oiU •/ prifii) ; Coal and Iron of Talchir.— Taldhir Coal-field.— 
Gold-Welding deposita of Upper Auam.— Gold from Shnd-gween. Pt 2, 
1858 [out of print) : Geological strncture of a portion of Khaei Hills.— 
Geological atmeture of Nilnri Hills (Madras). Pt 3, 1869 [out of print) : 
Geological structure and physical features of districts of Bankura, Mid- 
napore> and Orissa.— Laterite of Orissa.— Fossil fish-teeth of genua 
Cerafodtis, from Maledi, south of Nagpur. 

Volu n. Pt 1, 1860 (ottf of print) : Vindhyan rocks, and their associates in Bnndel- 
hand. Pt 2, 18o0 [out of print) i Geological structure of central portion 
of Nerbudda District.— Tertiary and alluvial deposits of central portion 
of Nerbudda Valley,— Geological relations and probable age of systems 
of rocks in Central India and Bengal. 

Voii. III. Pt 1, 1863 {out of print) : Raniganj Co al-field.— Additional remarks on 
sjrstems of rocks in CentraTlndia afld Indian Mineral Statis- 

tics, I. Coal. Pt 2, 1864 (out of print) : Snb-Himalayan Ranges 
between Ganges and RavL 

Vet TV. Pt. 1, 1863 (out of print) : Cretaceous Rocks of Trichinopoly District, 
Madras. Pt. 2, 1864 [out of print) : Districts of Trichinopoly, Salem, 
etc. Pt. 3, 1865 (ouf of print) : Coal of Assam, etc. 

Vot V. Pt. 1, 1866 [out of print) : Sections across N.-W. Himalaya, from Sutlej to 
Indus.— G^sum of Spiti. Pt 2, 1866 [out of mint) : Geologv of Bom- 
bay. PtJ, 1866 ifiut of print) : Jheria Coal-fidd.— Geological Observa- 
tions on Western Tibet. 


VoL ' VI. Pt. 1, 1867 (out of print) ! Neighbourhood of Lynyan, etc., in Sind.— 
Geology of portion of Cutch. Pt. 2, 1867, Rep. 1908 (price 2 Rs.) : 
Bokdro Coal-field.— Ramgarh Coal-field.— Traps of Western and Central 
India. Pt 3, 1669 (price 2 Bs. 8 As.) : Tapti and Nerbudda Valleys.— 
Frog-beds in Bombay.— Oxyglosm ptisiStia. 

* Veil. VIL Pt, 1. 1869 (pice 3 Rs.) : Vindbyan series.— Mineral Statistics.— Goal.— 
Shillong Plateau. Pt 2, 1870 (out of print) x Karharbiri Coal-field.— 
]^oghar C pW-fiflld. Pt 3, 1871 [out of pnnt) : Aden water-supply.— 
Suahpnn ^id^ds. 

VoL. Tin. Pt 1, 1872 (price 4 Rs.) : Kadapah and Kamnl Formations in Madras 
Presidency. Pt 2, 1872 (price 1 Re.) : Itkhuri Coal-field.— Daltonganj 
Coal-field.— Chope Coal-field. 

VoL. IX. Pt 1, 1872 [out of print) : Geology of Kutch. Pt. 2, 1872 (prict 1 Re.) : 

Geology of Na^fir.— Geology of Sirban Hill— Carboniferous Am- 
monites. 

VoL. X, Pt 1 (price 3 Rs.) : Geology of Madras.— Sitpura Coal-basin. Pt. 2, 1874 
(price 2 Rs.) : Geology of Pegu. 

VoL. XI. Ft 1, 1874 (price 2 Rs.) : Geology of Darjiling and Western Duars. Pt 2, 
1876 (price 3 Rs.) ; Salt-region of Eohdt, Trans-Indus. 

VoL, XII. Pt. 1, 1877 (price 3 Rs.) : South Mahrdtta Country. Pt 2, 1876 (price 
2 Rs.) : Coal-fields of Ndga HiUe. 

VoL. XIII. Pt. 1. 1877 (price 2 Rs. 8 As.) : Wardha Valley Coal-field. Pt. 2, 1877 
{price 2 Rs. 8 As.) : Geolo^ of Rdjmahdl Hills. 

Von. XIV< 1878 (price 5 Rs.) : Geology of Salt-range in Punjabi 

VoL. ZV. Pt 1, 1878 (price 2 Rs. 8 As.) : Anmnga and ftutdr Coal-fields (Palamow). 

Pt 2, 18to (price 2 Rs. 8 As.) : Ramkola and Tatapani Coal-fields 


VoL. XVt. Pt. l,lG!'7ti (price 1 Re. 8 As.) : Geology of Eastern Coast from Lat 16^ 
to Mastilipatam. Pt 2, 1880 (price 1 Re. 8 As.) *. Nellore Portion of 
' Carnatic. Pt 3, 1880 (price 2 Rs.) : Coastal Rerion of (Sodivari 
District 

VoL. XVII. pt 1, (price 3 Rs.) : Geology of Western Sind. Pt. 2. 1880 (price 
2 Rs.) : Trans-Indus extension of Punjab Salt-range. 

- V.' ■ ■ ■; % ■ 



Voiu XVII 1. Pt, 1881 (^tce 2 XsO : Southern Afghanistan. Pt. 2, 1881 (out of 
print) : M4iibhiini and Singhbhum. Pt. 5, 1881 (price 2 Bs.) : Pr^nhita, 

^ Godivari VaUey, 

VoL. XIX. Pt. 1, 1882 (price 2 Bs.) : Cachar Earthquake of 1860. Pt. 2, 1882 (price 
1 Be.) : Thermal Springs of India. Pt. 3» 1883 (price 1 Re.) : Catalogue 
of Indian Earthqu&es. Pt. 4/1883 (out of print) : Geology of parts of 
Manipur and N&ga Hills. 

VOL. XX, Pt. 1, 1883 (out of print) : Geology of Madura and Tinnevelly. . Pt. 2, 1883 
i^ut of print) ; Geological notes on Hills in neighbourhood of Sind and 
Punjab Frontier between Quetta and Dera Ghazi Khan. 

VoL. XXJ. Pt. 1, 1884 [oui of print) : Geology of Lower Narbada Valley. jPt. 2, 1804 
(out of print) ; Geology of Kathiawar. Pt. 3, 1885 (out of print) : Coal- 
field of South Bewah. Pt. 4, 1885 (out of print) : Barren Island. 

VoL. XXII. 1883 (price 5 Bs.) : Geology of Kashmir, Chamba, and Khagan. 

Voih XXIII. 1891 (price 5 Bs.) : Geology of Central Himalayas. 

VoL. XXIV. Pt. 1, 1887 (out of print) : Southern Coal-fields of Sdtpura Gondwana basin 
Pt. 2, 1890 (out of mint) : Geology of Sub-Himalaya of Garhwal and 
Kumaun. Pt. 3, ISw (out of print) : Geology of South Malabar, be- 
tween Beypore and Ponndni Bi vers. 

VoL. XXV. 1896 (out of print) : Geology of Bellary District, Madras Presidency. 

VoL. XXVI. 1896 (out of print) : Geology of Hazara. 

VoL. XXVII. Pt. 1, 1895 (out of print) : Marine Fossils from Miocene of Upper 
Burma. Pt. 2, 1897 (out of print) : Petroleum in Burma and its techni- 
cal exploitation. 

VoL. XXVIII. Pt. 1, 1898 (price 2 Bs.) : Geological Structure of Chitichun region.-— 
Allahbund in north-west of Rann of Kuchh. — Geology of paris of Myin- 
gyan, Magw^ and Pakokku Districts, Buma. — Geology of Mikir Hills 
in Assam;. — Geology of Tirah and Bazdr Valley. Pt. 2, 1900 (mce 

3 Bs.) : Chamockito Series, group of Archzean Hypersthenic Rocks in 
Peninsular India. 

VoL. XXIX. 1900 (price 5 Bs.) : Earthquake of 12th June 1897. 

VoL. XXX. Pt. 1, 1900 (price 2 Bs.) ; Aftershocks of Gre.it Earthquake of 12th June 

1897. Pt. 2, 1900 (price 1 Be.) : Goology of neighbourhood of Salem, 
Madras Presidency. Pt. 3, 1^1 (price 1 Re.) : Sivamalai Series of 
Elfeolite-Syenites and Corundum Syenites. Pt. 4, 1901 (price 1 Be.) ; 
Geological Congress of Paris. 

VoL. XXXI. Pt. 1, 1901 (price 2 Rs.) : Geology of Son Valley in Bewah State and of 
Parts of Jabalpur and Mirzapur. Pt. 2, 1901 (price 3 Rs.) : Baluchis- 
tan Desert and part of Eastern Persia. Pt. 3, 1901 (price 1 Re.) : 
Peridotites, Serpentines, etc., from Ladakh. 

VoL. XXXII. Pt. 1, 1901 (pries 1 Be.) : Recent Arteskn Experiments in India. Pt. 2, 
1901 (price 2 Bs.) : Bampur Coal-field. Pt. 3, 1902 {price 3 Rs.) : 
“ Exotic Blocks ** of Malla Johar in Bhot Mahals of Kumaon. Pt. 4 , 
1904 (price 3 Rs.) : Jammu Coal-fields. 

Vot. XXXHI. Pt. 1, 1901 (price 8 Rs.) : Kolar Gold-field. Pt. 2, Xm (price 2 Rs.) : 

Art. 1 : Gold-fields of Waindd. Art. 2 : Auriferous Quartzites of 
Parhadiah, Chota Nagpur. Art. 3 : Auriferous localities in North 
Coimbatore. Pt. 3, 1902 (price 1 Re.) : Geology of Kalahandi State, 
Central Provinces. 

VoL, XXXIV. Pt. 1, 1901 (price 1 Re.) : Peculiar form of altered peridotite in Mysore 
State. Pt, 2, 1902 (price 3 Rs.) : Mica deposits of India. Pt. 3, 1903 
(price 1 Ro.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 (price 

4 Rs.) ; Geology of Persian Gulf and adjoining portions of Persia and 
Arabia. 

Vot. XXXV. Pt. 1, 1902 (price 2 Rs.) r Geology of Western Rajpntana. Pt. 2, 1903 
(price 1 Re.) : Aftershocks of Great Earthquake of 12th June 1897. 
Pt, 3, 1904 (yrice 1 Re.) : Seismic phenomena in British India and their 
connection with its Goology. Pt. 4 (fn the Press) : Geology of Andaman 
Islandsi with references to Nicobars. 

Vot. XXXVI. Pt. 1, 1904 (price 4 Rs.) : Geology of Spiti. Pt. 2, 1907 (vrice 3 Bs.) : 

Geology of Provinces of Tseng and t) in Central Tibet. Pt. 3 (in the 
Press) ; Trias of the Himalayas. 

^ Vot. XXXVII. 1909. Manganese-Ore Deposits of India : Pt. 1 (price 3 Rs.), Introduction 
' and Mineralogy; Pt. 2 (price 3 Bs.), Geology; Pt. 3 (price 3 Rs.), 

Et^ngmica j mjLMinjnflL i Pt. 4 {price 5 P ..), Description of Deposits. 

Vot. XXXVIII. 1910 (price 5 Bs.) : Kangra Earthquake of 4tb April 1906. 



MUONTOtOGIA 
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{Suu I, HI. V, VI, vriI.)~CRETiGEOUS FAUNA OF SOUTHERN INDI^ Sjf 
F. S'rOUOZKA, Mcept VoL. I, Ft 1, 6y H. F. BLANFOai). 

Btt. I & Ili.— Vot. I. The Cephalopoda (1861-65), pp. 216, pis, 84 (6 double). 

V.— VoL. II. The Gastropoda (186V-68), pp. xiii, 600, pi*. 28. 

VI.— VoL. III. The Polecypoda (187071), pp. xxU, 537, pis. 50. 

VIII.— Voii. IV. The Brachiopoda, Oiliopoda, Echinodermata, Corals, etc, (1872- 
73), pp. V, 202, plB. 29. 


(Skh. II, XI, XII.)-THE FOSSIL FLORA OF THE GONDWANA SYSTEM, hy 
0. FEISTMANTEL, except VoL. I, Pt. 1, hy T. OLDHAM and J. MORRIS. 

VoL. I, pp. zviii, 233, pis. 72. 1863-79. Pi. 1 j Rajmah;U Group, R^jmahM Hills, Pt. 2; 

The same (continued), Pt. 3; Plants from. GoIapilL Ft. 4; Outliers on 
the Madras Coast. 

VoL. II, pp. xli, 116, pis. 26. 1876-78. Pt. 1; Jurassic Flora o! Each. Pt. 2 : Flora of 
the Jabalpur Group. 

Vbi.; lir, pp. xi, 64+140, pis. 80 (9 double) {I-XXXI + IA-XLVIIA). 1879-8L Pt. 1; 

The P'iora of the Taichir-Karharbari beds. Pt. 2; The Flora of the 
Dafouda and Panchet Divisions. Pt. 3; The same (conrluded). 

VOL. IV, pp. xxvi, 25+66, pis. 35 (2 double) (I~-XXI + lA-XIVA). Pt. 1 (1882); 

Fossil Flora of the South llewah Gondwana basin. Pt. 2 (1886); 
Fossil Flora of some of the coal-fields in Western Bengal. 


(See, IX.)~JURASSIC FAUNA OP EACH. 

VoL. I (1873-76). The Cephalopoda, by W. Waaoen, pp. i, 247, pl.s. 60 (6 double). 
Vpl. II, pt, I (1893). The Echinoidea of Each, by J, W. Greoouy, pp. 12. pis. 2. 

VoL. II, pt. 2 (1900). The Corals, by J. W. Gregory, pp. 196, I— IX, pis. 26. 

VoL. Ill, pt. 1 (1900). The Brachiopoda, by F. L. Kitchin, pp. 87, pis. 15. 

VoL. Ill, pt. 2 (1903). Lamellibranchiata : Genus Trigonia, by F. L. Kitchin, pp. 122, 

pis. 10 (out of print). 


(See. iV.)-^INDIAN PRE-TERTIARY VERTEBRAT A. 

VoL. I, pp* vi, 137, pis. 26, 1865-85. Pt. 1 (1865); the Vertebrate Fossils from f he 
Panchet rocks, by T, H. Huxley, rt. 2 (1878) ; The Vertebrate Fossils 
of the Kota-Maleri Group, by Sir P. de M. Grey Eoer^on, L. 0. Miall, 
and W. T. BLANFORDi Pt. 3 (1879); Reptilia and Batrachia, by R. 
Lxdekker. Pt 4 (1885) ; The Labyrinthodont from the Bijori group, 
by R. Lydekker (out of print), Pt 6 (1885); The Reptilia aiid Am- 
phibia of the Maleri and Denwa groups, by R. Lydekker {out of print). 


(SsB. XO-INDIAN TERTIARY AND PC)ST.TERTIARY VERTBBRATA, by 
R. LYDEEEER, cawept VoL. I, Pt. 1, R. B. FOOTE./ 

VoL. I, pp» XXX, sod, pis. 50. 1874-80. Pt 1; Rhinoceros deccanensis. Pt 2; Molar 
teeth and other remains of Mammalia. Pt. 3; Crania of Biimihants. 
Pt 4 ; Supplement to Pt 3. Pt. 5; Siwalik and Narbada Proboscidia. 

Toil. II, pp* XV, 363, pis. 46. 1881-84. Pt 1; Siwalik Rbinocerotid®. Pt 2 : Supple- 
ment to Siwalik and Narbada Proboscidia. Pt 3 ; Siwalik and Naroada 
Equidm. Pt 4 ; Siwalik Camelopardalidm^ Bt 5 ; Siwalik Selenbdout 
Saina, etc, pt 6; Siwalik and Natboda Qaniivoiar^^i 



v<». 


{>p* 264, pift, 36. 1684'66. 1; Additional Siwalik PeiiModa^k anil 

Pvobi^dia^ Pi 2| Siwalik and Narbada Bnoodont Bulna. Pi b| 


Vot. 

Von. 

VoL. 


Bodents and new Bnminante from tha Siwalike, Pi 4} Siwalik Blvda. 
Pt. 5; Mastodon Teetb Irom Perim Island* Pi. 6; Siwalik and Nar- 
bada Chelonia. Pi. 7: 6iwali]k Crooodilia* Lacertilia '^nd Ophidia 
Pi. 8; Tsitiary Pishes. 

lY, pi. 1, 1886. SiwalUc Mammalia (Supplement 1) ; pp. 18, pis. 6. 

IVi pi. 2, 1886. The Fauna of the caves (and addendum to pi. 1); pp. 40 

.. P^- (vu-xi). 

IV, pt. 1887. Eocene Chelonia /rom the Salt-range; pp. f (60—65), pis. 2 (xii* 
ziii). 


(Sa& VII, X1V.)-TERTIARV AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. ^lARTIN DUNCAN and W. PEBCV SLADEN, except Pt. 1, by 
F. STOIilCZKA. 

VoL. I, pp. 16+110+382+91=599, pis. 6+28+68+13^104. 1871-86. Pb. Is Tertiary 
Crabs from Sind and Kach. Pi. 1 (new 2) : bind Fossil Corals and 
Alcyonaria; by P. Mai tin Duncan. Pt 3 : The Fossil Echinoidea of 
Sind : Fas, 1, The Cardita beaumonU beds; Fas, 2, The Banikot Seriea 
in Western Sind; Fas, S, The Ehirthar Series; Fas, 4t ^be Nari 
(Oligocene) Senes; Pas, 6t the Gaj (Miocene) Series; Foe, The 
Mal^4n (Pliocene) Series ; by Duncan and Bladen Pt 4 : The Fossil 
Echinoidea of Kach and Katty war, by Duncan, Sladen and Blanford. 


(Sub Xni.)-SALT-RANOE FOSSILS, by WILLIAM WAAGEN, Ph.D. 

Prod ictus Limestone Group . Vol. £, pt 1 (1879h Pisces, Cephalopoda, pp. 72, pis. 6. 

„ „ „ ,1 2 (1880). Gastiopoda and supplement to pt. I, 

pp. Ill (73-183), pis. 10 (I double), (vi?- 
zvi). 

„ „ „ „ 3 (1881). Pelecypoda, pp 144 (185—328), pis. 8 

(xvii— xxiv), 

„ ,1 „ „ 4 (1882—86). Brachiopoda, pp 442 (329—770), 

pis 62 (xxv— Ixxxvi). 

„ „ „ „ 5 (1885). Bryozoa— Annelidse — ^Echinodermata, 

pp. 64 (771—834), pis. 10 (Ixxxvii— xcvi). 

,, „ „ „ 6 (1886) Coslenterata, pp. 90 (836—024), pis. 20 

(xcvii— cxvi) 

„ „ „ „ 7 (1887). Coelonterata, Protozoa, pp. 74 (C25— 

998), pis 12 (cxvii— cxxviii). 

. II, pt. 1 (1895) 


Fossils from the Geratite Formation : Vol, 
pis. 40. 

Geological Results : Vol IV, pt. 1 (1889), pp. l‘; 788 »^jpl ^,4 {out of print). 
f> »» I* ft ft 2 (1891), pp. 


Pisces— Ammonoidea, pp. 324, 

ut of print), 
pis. 8 [out of print). 


(SsB. XV,)— HIMALAYAN FOSSILS, 

Upper-triassic and liassic faunas of the exotic blocks of Malla Johar in the Bhot Mahals of 
Kumaon : Vol. I, pt. 1 (1908), by Dr. C. Dieuer, pp. 100, pis. 16 (1 double). 

Anihracolithic Fossils ot Kashmir and Spiti : Vol. I, pt. 2 (1899), by Dr. C. Diener, pp. 96^ 

The ^rmocarbomf erouB Fauna of Chitichun No. 1 1 Vol. I, pt. 3 (1897), by Dr. C. Diener 
pp. 105, pis. 13. 

The Permian Fossils of the Productua Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), 
by Dr. 0. Diener, pp. 64, pis. 5. , 

The Permian Fossils of the Central Himalayas : Vol. 1, pt. 6 (1905), by Dr. 0. Diener, 
pp. 204, pis. 10. 

The Cephalopoda of the Lower Trias ; Vol. Tt, pt. 1 (1897), by Dr. 0. Diener, pp. 189, 
* pis. 23. 

The Oephalopodn of the Musch^kalk ; Vol, II, pt. 2 (1895), by Dr, 0. Dkner, pp. 118* 
pie. 31. 



tapper TriaMic Cephaiopo^ft X^aunae of ibo Himalaya ; Vol. zil, p^ 1 by br* It. 
TriaI^rJSiS5S£“w?^^^ : VoL III, pt. 2 (1889), by AkUttAn Mteari 



> Tropites-j 


Byana 


Diener, pp. 201, plB. 17 (I double). . „ ,-ivv»v u n n 

The Fauna of the Himalayan Muschelkalk : Vol. V, Memoir No. 2 (lOO?), by Dr. 0. 

Diener, pp. 140, pie. 17 (2 double). ^ ^ 

Ladinic, Caraic and Noric faunse of Spiti : VoL V, Memoir No. 3 (1008), by Dr. C. Daesefi 
pp. 167, pis. 24 (3 double). . ^ 

Lower*TriBB8io Cephalopoda from Spiti, Malla Johar and Byane : Vol. VI, Memoir No. 1 
(1909), by Dre. A. von Krafft and C. Diener, pp. 186, pb. 31. 

The Fauna of the Traumatocnnue Limestone of Fainkhanc'a : Vol. VI, Memoir No. 2 

» » by Dr. 0. Diener, pp. 39, pis. 6. _ _ 

nan Fossil of Spiti . Vol. Vli, Memoii No. 1 (1810), pp. 70, pis. 6, by F. B. C. 

Bead. 

The Ordovician and Silurian fossils from the Central Himalaya : Vol. VII, Memoir No. 2 
(tn the Press), by F. B. C. Reed. 


(Seb. XVr.)-BALUCHISTAN FOSSILS, by FRITZ NOETLING. Ph.D., F.G.S. 
The Fauna of the Kellaways of Maz&r Driir : Vol. I, pt. 1 (1895), pp. 22, pis. 13. 

The Fauna of the (Neocomian) Behmnite Beds : Vol. I, pt. 2 (1897), pp. 6, pis. 2. 

The Fauna of the Upper Cretaceous Maestrichtien) Beds of the Man Hills : Vol. I, pt. 3 
(1897), pp. 79, pis 23 


(NEW SERIES.) 

The Cambrian Fauna of the Eastern Salt-range : Vol. I, Memoir 1 (1899), K. Bedlich, 
pp. 14, pi. 1. 

Notes on the Morphology of the Pelecypoda : Vol. I, Memoir 2 (1899), Fritz NoetUng, 
pp. 68, pis. 4. 

Fauna of the Miocene Beds of Burma : Vol. I, Memoir 3 (1901), Fritz Noetling, pp. 378, 
pis. ^ {out of print). 

Observe tionp sur quclques Plantes Fossiles dos Lower Gondwanas : Vol. II, Memoir 1 
(1002), R. Zeilier, pp. 39, pis. 7. 

Permo-Carboniferous (l^wer Gondwana) Plants and Vertebrates from Kashmir : (1) 
Plants, by A. C. ^ward ; (2) Fishes and Labyrinthor'onts, by A. Smith Woodward : 
Vol. Il, Memoir No. 2 (190o), pp. 13, pis. 3. 

The Lower Palaeozoic Fossils of the Northern Shan States, Upper Burma : Vol. II, Memoir 
No. 3 (1906J, by F. R. 0. Reed, pp. 164, pis. 8. 

The Fauna of the Napeng Beds or the Rhestic Beds of Upper Burma ; VoL II, Memoir 
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9. 

The Devonian Faunas of the Northern Shan States : Vol II, Memoir No. 6 (1908), by 
F. R. 0. Reed, pp. 183, pis. 20. 

The Mollusca of the Ranikot Senes : Vol. Ill, Pt. 1, Memoir No. 1 (1909), pp. xix, 83, 
pis. 8, by M. Cossmann and G. Pissarro. Introduction, by E. W. Vredenburg. 

Od some Fish-remains from the Beds at Dongargaon, Central Provinces : Vol. III. Memoir 
No. 3 (1908). by A. Smith Woodward, pp. 6, pi. 1. 

The Fossil Giraffidae of India : Vol. Ill, Memoir No. 4 {in the Press), by G. E. Pilgrim. 


The price fixed for these publications is four annas (4 pence) per single plate, with a 
miaimum charge of Be. I. 



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 

VoL. 1, 1868. 

Part 1 (out Annual report for 1867. Goal'seams of Tam^a valley. Coal in 

Oarrow Bfilu. Copper in Bundelkund. Meteorites. 

Part i (out of print), — Coal-seams of neighbourhood of Chanda. Coal near Nagpur. Geo* 
logical notes on Surat collecioiate. Cephalopodous fauna of South Indian cretaceous 
deposits. Lead in Raipur distiict. Coal in Eastern Hemisphere. Meteorites. 

Part $ (out of print).— Qastropodous fauna of South Indian cretaceous deposits. Notes on 
route from Poona to Nagpur eid Ahmednuggur, Jalna, Loonar, Yeotmahali Mangah 
and Hingunghat. Agate-flake in pliocene ( ?) deposits of Upper Godavery. Boundary 
of Vindhyan series in Rajputana. Meteorites. 

VoL II, 1869. 

Part 1 (out of print ), — ^Valley of Poorna river, West Berar. Kuddapah and Kurnool 
formations. Geological sketch of Shillong plateau. Gold in Singhboom, etc. Wells 
at Hazareebagh. Meteorites. 

Part y.— Annual report for 1668. Pangshura tecta and other species of Ghelonia from 
newer tertiary deposits of Nerbudda valley. Metamorphio rocks of Bengal. 

Part y.— Geology of SLuch, Western India. Geology and physical geography of Nicobar 
Islands. 

Part 1 (out of print).— Beds containing silicifled wood in Eastern Prome, British Burma. 
Mmeralogical statistics of Kumaon division. Coal-field near Chanda. Lead in Raipur 
district. Meteorites. 

Vot. Ill, 1870. 

Part 7.— Annual report for 1869. Geology of neighbourhood of Madras. Alluvial deposits 
of Irrawadi, contrasted with those of Ganges. 

Part 2 (out of prtitO.—Geology of Gwalior and vicinity. Slates at Chiieli, Kumaon. 
Lead vein near Chicholi, Raipur district. Wardha river coal-fields, Berar and Cen* 
tral Provinces. Coal at Karba in Bilaspur district. 

Part S (out of Mohpani coalfield Lead oio at Shmanabad, Jabalpur district 

Coal east of Ohhattisgarh between Bilaspur and Ranchi. Peti oleum in Burma. Petro- 
- leum locality of Sudkal, neai FuttijuuK> west of Rawalpindi Aigentiferous galena 
and copper in Manbhum. Assays of iron ores. 

Part i (out of print),— Geology of Mount TiUa, Punjab. Copper deposits of Dalbhnm 
and Singbhum : 1.— Copper mines of Singbhum : 2.— Copper of Ualbbum and Sing- 
bhum. Ideteoritei. 

VoL. IV, 1871. 

Part 7.— Annual report for 1870. Alleged discovery of coal near Gooty, and of indications 
of coal in Cuddapah district, Mineral statistics of Kumaon division. 

Part y.— Axial group in Western Prome. Geological structure of Southern Konkan. 
Supposed occurrence of native antimony In the Straits Settlements. Deposit in boilers 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari vMley, on south- 
ern extensions of Kamthi group to neighbourhood of Ellore and Rajamandri, and on 
possible occurrence of coal in same direction. 

Part 3 , — Borings for coal in Godavari valley near Dumagudem and Bhadrachalam. 
Narbada ooal-basin. Geology of Central Provinces. J^ant-bearing sandstonefr of 
Godavari valley. 

Ammonite fauna of Kutch. Haigur and Hengir (Gangpur) Coal-field. Sandstones 
in neighbourhood of first barrier on Godavari, and in country between Godavari and 
Ellore. 

VoL. V, 1872. 

Part 7.— Annual report for 1871. Relations of rocks near Murree (Mari), Punjab. Mineral- 
ogical notes on gneiss of South Mirzapnr and adjoining country. Sandstones in 
neighbourhood ox first barrier on Cedavari, and in country between Godavari and 
Ellore. 

Part f.— Coasts of Baluchistan and Persia from Karachi to head of Persian Gulf, and 
some of Gulf Islands. Parts of Kummummet and Hanamconda districts in NIsa&s 
Dominions. Geology of Orissa. New coal-field in south-eastern Hyderabad (l>eecan) 
territory. 



Part ^.^Maakat aitd MjiBiwndilQ on east coaat of Arabia. Example of focal joittUng, 
Axial group of Weet^a Promo. Geology of Bombajf Preaidoncy. 

Part 4,-*-Coal ia Dorthern region of Satpura basin. Evidence afforded by rmeed oyster 
banks k$\ coasts of India, in estimating dmouut of elevation indicated thereby. 
Possible field of ooal-measures in Godavari district, Madras Presidency. Lameta or 
intratrappeaa formation of Cential India. Petroleum localities in Pegu. Supposed 
eozoonal limestone of Yellam Bile. 

VoL. VI, 1873. 

Part i.«--Anntial report lor 1872. Geology oC North-West Provinces. 

Part ff.-^Bisrampur coad-field. Mineralogical notes on gneiss of south Mirzapur and ad- 
joining country. 

Part d.-*-Gelt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of 
doposits, and on associated shells. Barakars (coal-measures) in Beddananole field, 
Godavari district. Geology of parts of Upper Punjab. Coal in India. Saft-springs 
of Paga. 

Part 4- — Iron deposits of Chanda (Ceuiial Piomuccs). B.iucn Islnuds and Naikondam. 
MetallifeiHius ir^souices oi Biitish Buniiii. 

VoL. VII, 1874. 

Part 1 {Out of print). — Annual report for 1873. Hill ranges between Indus valley in Ladak 
Md Shan-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Haw 
materials for iron smelting in ilnniganj field. Elastic sandstone, or so called Itaoo- 
lumyte. Geological notes on )>Hit of Nculhoiu Hiiz.(iibagh. 

Part S {out of print!. —Geologieal notes on route traversed by Yarkand Embassy from 
Shah-i-Dula to xarkaud and Kiushgar. J.ide m Kaiakas Vtillcy, 'Lurkistan. Notes 
from Eastern Himalaya. Petroleum in Assam. Coal in Caro Hills. Copper in 
Narbada valley. Potash-salt from hast India. Geology of noighbouihood of Man 
hill station in Punjab. 

Part A—^eological observations made on a visit to Chadeikul, Thian Shan range. 
Former extension of glaciers within Kangra disirirt. Building and ornamental stones 
of India. Materials for iion manufacture in Uaiiiganj coal-ueld. Manganeso-ore in 
Wardha coal-field. 

Part 4. {out of print), — ^Auriferous rocks of Dhambal hills, Db.arwai district. Antiquity 
of human race in India. Coal recently discovered in the country of Luni Patbans, 
south-east comer of Afghanistan. ^ Progress of geological investigation in Godavari 
district, Madras Presidency. Subsidiary materials for artificial fuel. 

Vot. VIII, 1875. 

Part /.—Annual report for 1874. ^ The Altum-Artush^ considered from geological poipt of 
view. Evidences of * ground-ice ' in tropical India, during Talchir period. Trials of 
Raniganj fire-bricks. 

Part $ {out of print), — Gold-fields of south-east Wynaad, Madras Presidency. Geological 
notes on Knareean hills in Upper Punjab. VVatei-bei^iing strata of Suiat district. 
Geology of Scindia’s territories. 

Part S {out of Shabpur coal-field, with notice of coal explorations in Narbada 

region. Coal recently found near Motfong, Khasia Hills. 

Part 4 (out of print], — Geology of Nepal. JBaigarb and Hingir ooal-fields. 

VoL. IX, 1876. 

Poft 1 {out of print), — ^Annual report for 1875. Geology of Sind. 

Part S, — ^Retirement of Dr. Oldham. Age of some fossil floras in India. Cranium of 
Stegodon Ganosa, with notes on sub-genus and allied forms. Sub-Himalayan series in 
Jama (Jommoo) Hills. 

Part J. — Fossil floras in India. Geological age of certain groups comprised in Gondwana 
series of India, and on evidence they afford of distinct zoological and botaiiital terres- 
trial regions in ancient epochs. Relations of fossiliferons strata at Maleri and Kota, 
near Sironcha, 0. P. Fossil mammalian faunas of India and Bsima. 

Part 4, — Fossil floras in India. Osteology of Merycopotamus dissitnilis. Addenda and 
Corrigenda to paper on tertiary mammalia. PlesioBaurus in India. Geology of Pir 
Panjal and neighbouring districts. 

Vot, X, 1877. 

Part i.— Annual report for 1876. Geological notes on Great Indian Desert between Bind 
and Rajputana. Cretaceous genus Omphalia near Nameho lake, Tibet, about 75 miles 
« norUi of Uhassa. Estherta in Gondwana formation. Vertebrata from Indian tertiary 
and secondary rocks. New Emydine from the upper tertiaries of Northern PunjalL 
Observationa on under-ground tmnperature. 
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INTRODUCTION. 

rpms report eontains a surninary of tlie operations coJiductcd by 
tho Geological Survey of India during the calendar year 1909. 
In certain cases the results of these operations have already 
appeared in the publications of the Department, and these are 
only briefly referred to here. The work still in progress in Raj- 
putana and in Burma is, however, not yet completed, and is 
accordingly described in somewhat greater detail. 

2. The issue of the (Juimjuennial Review of Mineral Production 
for the period 1904 — 1908 has been considerably delayed because 
Sir T. Holland, who was engaged in compiling it, proceeded on 
leave in September, and was compelled to hand over the duty of 
completing it to Dr. L. L. Fermor. Moreover, the progress made 
by the mineral industry in this country during the period in ques- 
tion has so greatly exceeded that of the preceding six j^ars, an 
account of which airpeared in Records G.S.T., Vol. XXXII, Pt. 1, 
that not only has it taken a longer time to collect and arrange 
the material, but it has also been found necessary to set capart 
a whole volume of the Records (Vol. XXXIX) for its accommoda- 
tion. The returns of Mineral Production for the year 1909 are 
dealt with briefly in the present issue of the Records and may be 
considered as a supplement to the Review. A list of licenses and 
leases granted for prospecting and mining in Govermnent lands is 
appended . 
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DISPOSITION LIST. 

3. During the period undcir report the officers of the Depart- 
ment were employed as follows : — 

Superintendents. 

Mr. T. H. D. La Touche . Returned to headquarters from the 

Salt Range, Punjab, on the 18th 
February 1909. Proceeded to Sik- 
kim on the 24th March 1909 to 
exaiiiiiie copper-ore deposits and to 
survey certain glaciers. Returned to 
headquarters on the 8th July 1909. 
Assumed duties as Officiating Direc- 
tor from the 1st September 1909. 

Mr. C. S. Middle A 1I.SS . Proceeded to the field on the Ist 

March 1909 in charge of the Rajpu- 
tana and Central India ])arty and 
returned to headquarters on the 11th 
April 1909. Deputed on the 27th 
A])ril 1909 to Kashnih to survey the 
|>lant-bcaring beds underlying the 
Zewan stage of Kashmir. Returned 
to headquarters on the 30th October 
1900. Placed in charge of the Cen- 
tral liidia party for extension of the 
geological map over previously unsur- 
voyed areas in Central India and 
the neighbouring States of Rajputana. 

Mr. H. H. Havden . At headquarters in charge of office up 

to the 10th November 1909. De- 
puted to survey the coalfields of 
North-East Assam and left for the 
field on the 16th November 1909. 

Assistant Superintendents. 

Mr. P. N. Datta Returned from Lower Burma on the 

8th April 1909. Granted privilege 
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leave for six weeks with effect from 
the 28tli September 1909. Returned 
from leave on the 8tli November 
1909. Deputed to the Central Pro- 
vinces for continuation of geological 
survey of the Chanda and Raipur 
districts and left for the field on the 
29th November 1909. 

Mr. E. Vredenburc At headcpiartors as Paheontologist. 

Dr. L. L. Eermou At headquarters seeing the memoir of 

the Manganoso-ore Deposits of India 
through the j)!’ess and working on 
the results obtained from the survey 
of the Singhbhum district. Cranted 
one month’s privilege leave with effect 
from the 12th October 1909. Re- 
turned from leave on the 8th Nov- 
ember 1909 and placed in (‘harge of 
the office on the 10th Novenjber 
1909. Deputed from the Ist to 
I6th December to the Lahore In- 
dustrial and Agricultural Exhibition. 

Dr. G. E. Pilgrim Returned from the field on the 28th 

April 1909. Granted privilege leave 
for one inontli and 3 days with 
effect from the 15th September 1909. 
Returned from leave on the 1st 
November 1909. Appointed Curator 
on the 26th November 1909. 

Mr. G. H. Tipper At headquarters as Curator up to the 

25th November 1909. Deputed on 
the 26th November to report on the 
monazite occurrences of Travancore 
State. 

Mb. H. Walker Returned to headquarters on the 30th 

April 1909. Deputed on the 6th 
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Mk. E. H. Pascoe 


Mr. K. a. K. Hallo WES 


Mr. G. deP. Cotter 


Mr. J. CoruUN Brown 


Mr. J. J. a. Page 


July 1909 to report on the site for 
a proposed dam on the Cauvery 
river, Madras. Returned to head- 
quarters on the 24th July 1909. 
Granted privilege leave for 23 days 
with effect iron* the 24th September 
1909. Returned from leave on the 
1st November 1909. Deputed to 
revise the geological map of the 
Raniganj coalfield in conjunction with 
a Committee appointed by the Min- 
ing and Geological Institute of India 
and left for the field on the 18th 
November 1909. 

Returned from Burma on the 22nd 
August 1909. At headquarters pre- 
paring memoir on the Burma oil-fields. 

Retained to headquarters on the 25th 
May 1909. Posted to the Burma 
party and left for the field on the 
14th November 1909. 

Returned to headquarters on the 20th 
May 1909. Left on the 1st August 
1909 to relieve Mr. Pascoe in Burma. 
Placed in charge of the party for 
the survey of the Tertiary oil bear- 
ing regions in Upper Burma. 

Deputed again to Yunnan lor Natural 
History explorations . 

Returned from the field on the 11th 
July 1909. Deputed on the 17th 
November 1909 to survey the Dal- 
bhum Estate, Singhblium, with spe- 
cial attention to occurrencos of min- 
erals of economic value. Granted 3 
months’ privilege leave with effect 
from the 9th December 1909. 
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Mr. H. C. Jones 


Mr.' A. M. Heron 


Mr. M, Stuart 


Mr. N. D. Daru 


Touche; General Re/mt for 1909. 

Returned to headquarters on the 17th 
May 1909. Granted privilege leave 
for 23 days with effect from the 
28th September 1909. Returned 
from leave on the 1st November 
1909. Re-posted to Central India for 
continuation of the survey of Gwalior 
State and left for the field on the 
17th November 1909. 

Returned from the field on the 19th 
May 1909. Grai\ted privilege leave 
for 23 days with effect from the 
24th Septenjber 1909. Returned 
from bave on the 1st November 
1909. Re-posted to the Central India 
and Rajputana party to survey the 
Alwar State, Rajputana, and Korana 
Hills, Punjab, and to report on the 
earthquake of the 21st October 1909 
in the Sibi district, Baluchistan. 
Left for the field on the 20th Nov- 
ember 1909. 

Returned from Burma on the 18th 
May 1909. Re-posted to the Burma 
party for the survey of the Prome 
and Thayetmyo districts, Burma, and 
loft for the field on the 14th Nov- 
ember 1909. 


Returned to headquarters on the 21st 
May 1909. Granted privilege leave 
for 3 weeks with effect from the 1st 
November 1909. Returned from 
leave on the 22nd November 1909 
and re-posted to the Central India 
and Rajputana party to survey the 
Banswara State, Rajputana. 



80 


Records of the Geoloffical Survey of India, [VoL. XL. 


Chemist, 

Dr. W. A. K. Christie . Deputed on the 3rd December 1909 

to the Lahore Industrial Exhibition 
and to the Mayo Salt Mines, Khewra, 
to collect samples of salt. At head- 
quarters for the rest of the period 
under report. 

Sub-Assistants. 

. Eeturned to headquarters on the 20th 
May 1909. Posted to the Burma 
])arty and loft for the field on the 
14th’ November 1909. 

. Bcturiied from the field on the ()th 
June 1909. Deputed to oollect mam- 
malian remains in the Siwalik rocks 
of the Punjab under the instruction 
of Dr. Pilgrim and left for the field 
on the 14th November 1909. 

Assistant Curator. 

Mr. T. R. Blyth . On duty at lieadquarters throughout 

the period und(jr report. 

STUDENTS IN TRAINING. 

4. The following students were under traijiing during the year : — 
G. G. Nakke, M.A., holding a scholarship from the Central 
Provinces Administration, continued to work with Mr. Walker of 
the Raniganj coalfield till his scholarship tcrn)inated on the 31st 
March 1909. He was then appointed as a temporary Museum Assist- 
ant in the Geological Sur\ey. On the 11th August 1909 he resigned 
this appointment and proceeded to Fngland as a State Technical 
Scholar. 

Kiran Kumar Skn-Gupta, M.A., B.Sc., a Research Scholar 
appointed by the Bengal Government, was deputed to study 
the wolfram deposits in the neighbourhood of Agarpara in the 
Nagpur District under the supervision of Dr. Permor. 


S. Skthu Rama Rau 


M. Vina YAK Rao 
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5. R. Ghatpande, appointed by the Indore Durbar, continued 
to work with Mr. Jones in Central India, and on return from 
the field was trained at headquarters. 

By AS Sankar Lall, B.A., appointed by the Marwar Durbar, 
continued to work with Mr. Heron on the Aravalli Scries in the 
Alwar State and at headquarters on return from the field. 

Sheo Prasad Garoava, B.A., B.Sc., appointed by the Gwalior 
Durbar in November 1908, after being trained at headquarters, 
joined Mr. Jones in the Gwalior State. 

Lada Joti Pershad, B.A., appointed by the Kashmir Durbar in 
December 1908, after training at headquarters accompanied Mr. 
Middlemiss to Kashmir. 

Syed Abdul Karlm, B.A., was apjminted by the Hyderabad 
Durbar in July 1909, and has been kept at headquarters for train- 
ing. 

6. One of the previous yciar’s students who was fourd not 
to be sufficiently qualified for training returned to his State 
in Marclr 1909. The remaining students have been favourably 
ntported on, and one of them, Kiran Kumar Sen-Gupta, has 
recently been appointed State Geologist in Cochin. 


ADMINISTRATIVE CHANGES. 


Appoinimentg. 


6. Mr. T. H. D. La Touche, Superintendent, was appointed to 
officiate as Director with effect fromljlthe^lst 
September 1909, vice Sir T. H. Holland on 

combined leave. 

Dr. G. E. Pilgrim was appointed Curator with effect from the 
26th November 1909. 

7. Mr. B. Vredenburg, Assistant Superintendent, was appointed 

to officiate as Superintendent w'th effect] from 

PromoHon. Mr. T. H. D. 

La Touche appointed to officiate as Director. 

8. The following officers were confirmed in their appointments as 
CeoHnnatioo. officers of the Geological Survey Department : — 

Mr. M. Stuart, 

Mr. N. D. Dabu. 



82 


Records of t/te Geological Survey of India, [Vol. XL. 

9. Sir T. H. Holiand was granted privilege leave for tliree months 
combined with furlough for one year with 

*^*'^*’ effect from the 1st September 1909. 

Mr. P. N. Datt.v was granted privilege leave for six weeks with 
effect from the 28th September 1909. 

Dr. L. L. Fekmok was granted privilege leave for one month 
with effect from the 12th October 1909. 

Dr. 6. E. Pilgrim was granted privilege leave for one month 
and three days with effect from the 16th September 1909. 

Mr. H. Walker wjis granted privilege leave for 23 days with 
effect from ithe 2 tth September 1909. 

Mr. J. J. A. Page was granted privilege leave for three months 
with effect from the 9th December 1909. 

Mr. H. C- Jones was granted privilege leave for 23 days with 
effect from the 28th September 1909. 

Mr. A. M. Heron was granted privilege leave for 23 days with 
effect from the 24th September 1909. 

Mr. N. D. Daru was granted privilege leave for three weeks 
with effect from the 1st November 1909. 

LIBRARY. 

10. The additions to the Library during the period 1st January 
to Slat December 1909 amounted to 3,275 volumes, of which 1,188 
were acquired by purchase and 2,087 by presentation. 

MUSEUM AND LABORATORY. 

11. Mr. (-}. II. Tipper was Curator of the Museum and Jjabora- 

Staff. November, when he 

left for Travancore to investigate the niona- 
zite sands of that state, Dr. G. E. Pilgrim taking over the duties 
of Curator. Mr. T. R. Blyth was Assistant Curator throughout 
the year and |he continued to work with his customary earnest- 
ness and ability. Babu Bankim Bchari Gupta, Museum Assist- 
ant for Palffiontology, has continued to work creditably. 

12. Dr. W. A. K. Christie, Chemist, was engaged principally 
in an investigation of the origin of the Rajputana salt deposits. 
The main conclusions arrived at have been published in a joint 
paper by Sir Thomas Holland and himself in the Records (Vol. 



Part 2.] La Touchk : General Report for 1909. 


83 


XXXVIII, Part 2). The enquiry into the probable duration of the 
resources of the Sambhar Salt Lake was continued. Besides the 
routine work of the laboratory a critical enquiry was made into 
the published methods for the determination of thorium in mona- 
zite sands in connection with the deposits in Southern India. None 
of the published methods tested gave reliable results ; and a satis- 
factory separation has not yet been found. In December Dr. Chiistie 
was deputed to Lahore in connection with the Punjab Industrial 
Exhibition and at the end of the year was engaged in prospect- 
ing for deposits of potassium salts in the Punjab Salt Range. 

13. The following students, Messrs. G. G. Narke, K. K. Sen- 
Gupta, S. R. Ghat])andc, By as Shankar Lai, Sheoprasad Gargava, 
Joti PcT shad, and Syed Abdul Karim received training in the labora- 
tory, chiefly during the recess. 'J'he work done was mainly determina- 
tive mineralogy with an occasional piece of simple analytical re- 
search work. 

14. During the year there was a marked decrease in the number 

of speennens referred to the Gurator for 
Determinative and determinatiorn The number examined was 
Chemical work. compared with 767, in 1908. Of these 

assays and analyses were made of 39, a decrease of 28 on the 
priivions year. This decrease can be explained as due to the 
increased number of tiained prospectors at work in India, in 
consequence of which o!ily the more complicated minerals and rocks 
are sent in for determination. Among th(5 special pieces of work in 
the Laboratory may be mentioned the identification by Mr. Blyth 
of some specimens of samarskite, a i‘are niobatc and tanta- 
late containing uranium. This mineral is now known to occur in 
considciablc quantity at the Sankara mica mine, Rapiir taluq, 
Nellore district, Madras Presidency. Mr. Blyth also discovered 
among the Sikkim (Jopper minerals tetradymite and a cobalt mineral 
allied to cobaltite. Mr. Tipper investigated the triplite and 
accessory minerals from the Singar mica mines, Gaya district. 
Among the accessory minerals, columbite, zircon and pitchblende 
occur. The latter mineral which is of great importance as a source 
of radium, occurs as small rounded patches witli aureoles of uranium 
ochre but never in any quantity. 

16. No meteoric fall was recorded in India during the year and 
Meteorites. there were no acquisitions by exchange. 
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16. Dr. L. L. Fcrraor arranged show cases to exhibit the 
Museam. manganese ores of India and the rocks in which 

they occur. 

The Museum Assistant for Palaeontology . arranged a series 
of Eocene fossils from the Paris basin and revised the collection of 
Lower Gondwana and Rajmahal plants. 

The re-arrangement of the mineral collection and re-labelling of 
the rocks were continued. 

Among the more interesting acquisitions to the collections may 
be mentioned : — 

(1) A large series (58) of Russian minerals, chiefly from the 

Urals, through the Imperial Academy of Science, St. 
Petersburg, in excdiangc for a collection of Indian rocks. 

(2) The following new minerals presented by the British 
Museum : — 

Rinneite from Prussia. 

Smithite and Hutchinsonite from Switzerland. 

Harttitc and Gorceixite from Brazil. 

Patronite from Peru. 

Tarbuttite from Rhodesia. 

(3) A fine specimen of llambergite by purchase. 


EXHIBITION. 

17. Dr. L. L. Fermor prepared a series of mineralogical specimens 
Lahore Industrial Exhibition held at 

Lahore during the cold season 1909-1910 and was 
engaged for a fortnight in December in arranging it. The Chemist, 
Dr. Christie, also visited the Exhibition in connection with the enquiry 
that he is now making as regards the commercial value of the potas- 
sium salts found in the Punjab Salt Range. 


PETROLOGY. 

18. A large number of petrographical determinations have been 
made by Mi*. Jones of the rocks collected by 
Md^Alwar^*” Gwalior State, and by Mr. Heron of 

the Alwar rocks, but no types of particular in- 
terest have been found among them. A general account of these rocks 
is given in the section on Geological Surveys below (pp. 112,114). 
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19. Mr. Vredenburg has worked out the petrology of the rocks 
collected by Captain R. E. Lloyd, in the hill 
Hlote^nd^* **** country north of Aden {see below p. 106). 

The assemblage of specimens from the older 
volcanic series, resembling that of the Upper Cretaceous formation in 
Baluchistan and Persia, together with their superposition upon the 
Jurassic rocks, leaves little doubt that they belong to the same 
period of volcanic activity as the Deccan Trap. The acid varieties 
are represented by rhyolitic lavas, rhyolite bioccias and ash beds, 
and there are also some doubtful andesites. Among the basic rocks 
there are dolerites with beautiful pleochroic augites of purple colour ; 
a dolerite closely resembling many of the dyke rocks of Deccan trap 
age occurring in Baluchistan ; ordinary basalts without olivine, also 
resembling the Deccan trap ; basalts with olivine, and an abnormal 
rock made up of a base composed of small prismatic crystals of augite, 
iron ores, and serpotitinous material, through which are scattered 
vacuoles filled with felspar and epidote ; and olivine porphyry. 
Geodes of agate, chalcedony, jasper, etc., are extremely common in the 
basalts, and may be picked up in large (jiiantities on the surface 
as in the Dec.can trap areas in India. Mr. Vredenburg’s notes are 
published in Vol. XXXVIII, Pt. I, of the Records. 


PAL/EONTOLOGY. 

20. Mr. E. Viedcnburg carried on the iluties of Palajontologist 

throughout the year and continued liis re- 
Palsontologlst. searches upon the Tertiary and CYetaceous 
collections. 

21. The collections of fossils made by Ca[)tain R. E. Lloyd in 

Upper JurasBic fosails (country north of Aden have been 

from the Aden Hinter- examined by Mr. Tipper, whose notes on them 
are published in Vol. XXXVIII, Pt. 4, of the 
Records. They consist of a Belemnite, B. cf. tramjammsis .Futterer ; 
four species of Perisphiiwte^s ; an undetermined gasteropod closely 
resembling Dicrolerm (Piettia) semimidum Heb. & Desk ; among 
Jamellibraiichs Parallelodnn ejjertoyimnum Etol., and species of Pinna, 
Trigonia, Pecten (Synchclormna) and Cardinia ? ; and a species of 
Pentacrinns. Mr. Tipper considers that tlie fauna described possesses 
a distinctly Upper Jurassic facies. 
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22. In a paper contributed to the Records (Vol. XXXVIII, pt. 3), 
Mr. Hayden has given a description of varioos 
Afghanistan. FmuUnidcB collected by him in the limestones 

of the Bamian valley in Afghanistan. The 
material described consists chiefly of well-known forms and includes 
Fusulina uralica Krotow, F. eltmjata Shumard, Schmtgerina princeps 
Ehr., Nersekmujerina craticulifera Schw. and N. (Sumatrina) annes 
Volz. A new species, Ncoschwagerina primu/em, is described, inter- 
mediate l)etw(Mm Schiragerina (DoUtdina) lepida Schw. and N. crati- 
cuUfera and the last named fossil is showji to be dimorphic. 

Mr. Hayden also made a critical examination of the nature of th(? 
shell of the FnsuUnidw, which he found to be composed of crypto- 
crystallin » material identical in structure with the she II -substance of 
the Percdlanea and he ])ointed out that certain autliors had mistaken 
the <lark shell-wall for perforations and vice rersd. At the time of 
writing his paper, he had not secji the very important memoir by 
Professor Douviile, Avhich liad jvroviously appeared in the Bulletin de la 
Sodeie (f&doijlque de France ; he was not awan*, therefore, that the 
latter author had come to the conclusion that the so-called perfora- 
tions of Fusulina were in reality gaps in a net-woi*k of varying degrees 
of fineness, and that tluKS net-work was covered by a thin imperforate 
layer, to which attention had already beeji drawn by (lirty. In 
Mr. Hayden’s specimens the gaps in the net- work (‘ perforations ’) are 
frequently seen to traverse this outer layer, which therefore appears 
to be ‘ perforate It is of course possible that this uvdy be due to the 
state of preservation of the specimens and, with a view to deciding 
this, Mr. Hayden is at present in correspondence with M. Douviile oji 
the subject. 


23. Mr. Murray Stuart has described and figured a number of 

fossil fish teeth, collected from various locali- 

eimf ^XXVin, Pt. 4, of the 

Records. The evidence afforded by these is 
in favour of the classification of the Tertiary strata in Burma 
put forward by him in the paper noticed below (p. 110). 

24. Messrs. Vredenburg and Stuart describe in Vol. XXXVIII, 

Pt. 2, of the Records the occurrence of Ostrea 
*®*^*^”** lalimurgvmtn, a species characteristic of the 
Gaj groups of Kachh and Sind, in the Yenau- 
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gyaung Stage of the Pegu System in Upper Burma. The fossil 
was discovered by Mr. H. J. Davies, Geologist to the Burma Oil 
Co., and throws much light upon the vexed question of the correlation 
of the Tertiary rocks in Burma. Mr. Stuart considers that the 
Kama clay, which occurs immediately above the zone of 0. htimargi- 
nata, must represent a part of the ‘ Hinglaj beds ’ of Mekran, as 
defined by Mr. Vredenburg, and confirms the suggestion that a 
distinct unconformity separates this Kama clay from the base of the 
Irrawaddy Sj'stem. This observation is of importance, as it accounts 
for the extreme divergence in the tliickness of the Kama clay which, 
as recent surveys have sliown, constittites tlie iiiain ])etroliferous horizon 
in Burma; Avhereas Dr. Noetlijig considered tluit at Ycnangyaung the 
oil sands occurred at a lower horizon, /.c., in the Lower Prome 
beds of Mr. Theobald (see below ]^. 110.) 


25. Mr. Vredenburg has described, in Records, Vol. XXXVIJI, 
Pt. 3, two interesting species of Illppurites 
\iZtoTiasSisL. folleption made in Seistan by ]Mr. T. 

it. J. Ward and Sir Ifenry McMahon, and. gives 
in the same paper a geological sketch of the country. The two 
species of Hippurites described arc //. (josavwisis Douville and 
a new species Piron a persica Vred., and Mr. Vredenburg considers 
the beds to be most probably uppermost Turonian. A large 
ribbed bivalve, which Mr. Vredenburg was unable to identify at 
the time his paper was written, has since lieen sliown by Dr. 
Emil Bose of Mexico to be a species of Chomlrodonta, a genus 
<li.stingiiished by the peculiar interlocking chondrophores of the 
hinge, and associated with shells of the Rudistfe in Europe and 
America. Mr. Vredenburg has consequently given the name of 
Chondrodonta Bosei to the Seistan species. 


26. As a resulfc of the exploration of the Tertiary ossiferous de- 
New Tertiary India now being carried out by Dr. 

Mammalian genera and G. E. Pilgrim, with the assistance of Sub- 
®***^**®* Assistant M. Vinayak Rao, it has been found 

necessary to establish several new genera and species of mammals. 
A preliminary list of these is. published in the present volume of 
the Records, Pt. 1, and full descriptions of those forms which have 
been determined up to the present arc now in the press. 
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7. The examination of the Triassic fossils from the Himalaya 
collected at various times by the late Mr. C. L. 
lays. Wencr!”* Griesbach, the late Dr. A. von Kraifft, Dr. Dien^ 

er, Mr. Hayden and others has now been com- 
pleted, and Dr. Diener has summed up the whole question of the 
distribution and correlation of the Triassic rocks in the four 
distinct areas from which the fossils have been obtained, viz,, 
Painkhanda, Spiti, Eastern Johar and Byans, and the exotic blocks 
between Malla Johiir and Huiides, in an exhaustive paper which 
will shortly appear as Vol. XXXV [, Pt. 3, of the. Memoirs, 

The more recent researches of Hayden and von Kraffb have 
shown that the Trias is not developed uniformly throughout the 
Himalaya, and that there is no type sectioji ’ to which the de- 
velopment of the system in various localities can be referred. Thus 
the present memoir supersedes the summary of the Trias of Asia, 
so far as the Himalaya is concerned, published by Dr. Noetliiig 
in the fjethoia Mesozoiea (Vol. 1, Pt. 2, Stuttgart, 1905). The 
Triassic beds of the Himalaya were divided by him into ten cep* 
halopod-bearing horizons thus : - 


Upper Trias. 


Middle Trias. 


Lower Trias 


flO. Sagenites beds, 
j 9. naloriteshedH, 

J 8. Hauerites bods. 

1 7. Tropites heib. 

1 (). Joannites beds. 

r 5. PtffChites beds. 

I 4. Rohustites l)eds. 

{ 3. Stephanites beds. 

2. Hedenslrwmia beds. 
1. PrionolohusheAs. 


The base of the Trias was drawn above the Otoceras horizon, 
which Griesbach considered to be a passage bed between the Per- 
mian and Trias. It is now shown, however, that Otoceras is con- 
fined to a thin layer at tlie base of the Lower Trias. 

The sub-division of the whole system now adopted by Dr. Diener 
is shown in the following table, which also indicates the variations 
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that occur in the three principal areas from which collections have 
been made. 

Fifteen cephalopod-bearing horizons arc distinguished by Dr, 
Diener, as shown in the following table. Of these three are 
rather doubtful, No. 5 being perhaps not an independent palseonto- 
logical horizon, though Rhynchonella Griesbachi is confined to it; 
while from No. 9 only a single ammonite is known, Joannites 
thananiemis, and No. 15 is based on two fragmentary specimens 
of ammonites : - 
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... . 1 
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Permian 

Horizon of 
foAiM insignis. 
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The Lower Trias and Muschelkalk are developed almost equally 
well in Spiti and Painkhanda, but in Byans both divisions are not 
so well represented. In this area however the topmost beds con- 
tain the fauna of the Sihintes spiniger zone, which is probably 
homotaxial with that of the Upper Ceratite Limestone of the Salt 
Range. 

In the ladinic stage a strongly marked difference in the de- 
velopment sets in. It is much richer in fossils and of greater thickness 
in Spiti than in Painkhanda, and has not yet been traced further 
east. 

The same difference is equally prominent in theearnic deposits, 
which are well developed in Spiti, but arc almost insignificant in 
Byans. 

The noric deposits are divided into three sets of beds — Quartzite 
series, Bracliiopod beds and Cephalopod beds — of which the last 
named are locally very rich in fossils but do not form a constant 
stratigraphical horizon. The lower noric beds of Byans show 
peculiar features, being made up of black shales of great thickness, 
wanting in the other districts. The upper noric beds consist every- 
where of thick limestones which pass through beds of doubtful age 
into limestones of Middle Jurassic age, overlaid by the Upper 
Jurassic Spiti Shales. The base of these is marked by a very 
constant ferruginous oolitic layer of Kelloway age. 

Dr. Dicner appends to his memoir a discussion of the extension 
into other regions of the Indian Triassic province. He shows 
that the Triassic strata were deposited along the southern shore 
of the ancient ocean known as Tethys ; that the fauna bears a quite 
distinct character which distinguishoKS it from those of the Medi- 
terranean region; and that during the middle and upper Triassic 
periods Afghanistan was at the AvCvStern limit of the province. 
Eastwards, on the other hand, the fauna of Himalayan type has been 
found in Yunnan, but that of Tongking points to a closer connection 
with the eastern Pacific region. To the south-east however the 
Indian marine Trias has been traced through the Malay Archipelago ; 
and this region appears to have formed a connecting link bet’ween 
the Indian and Pacific provi rices ; while evidence of the extension of 
Himalayan elements to New Caledonia during this period has re- 
cently been obtained, so close that Dr. Diencr states that “ the 
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Trias of this island can scarcely put in a claim for being separated 
from the Indian Triassic province as a special faunistic district.” 

The memoir concludes ^vit!l a brief account of the evolution of 
the Triassic ammonites. 


Himalayan j^lacicra. 


PHYSICAL GEOLOGY. 

28. During the year 190() a number of glaciers in the North- 
West Himalaya were visited by officers of 
the (geological Survey and peTinanent marks 

were affixed to the rocks near their lower ends in order that ob- 
servations on their secular oscillations might be made in future 
years. 

Tliis work was carried out at the instance of Mr. I). W. I'resh- 
Held, on behalf of the Commission Intermitionale 

gla^lcrs*ln”sikklim GJackrs, and lias now been completed for 

the present by the demar(-*ation of two of the 
glaciers descending from the Kinchinjunga (Iroup in Sikkim. The 
observations recorded are published in Pt. 1 of the present vol- 
ume of the Records. Marks have no.v been placed at, and pJanc- 
tablc plans made of, the ends of 14 glaciers, extending from Kash- 
mir through Lahanl and Kumaon to Sikkim. 

29. An interesting letter has been received from Dr. Hunter 

Workman giving an ac(;ount of a visit in .liine 
Hunza**”"'***^ 8*aclcr in Hassanabad glacier in Hunza, one 

of those marked by Mr. }[ayden in 1908 (ftc- 
cords, Vol. XXXV, Pt. p. K>5). One of the boulders marked, 
No. 3 in Mr. Haydeirs ])laii (op. cit. PI. 38), had slipped down 
the hill some bO or (K) feet from its former position, but Nos. 
1 and 2 were in situ, and the inscriptions still bright and clear. 
Dr. Hunter Workman states that the tongue of the glacier had 
remained stationary since the plan was made, and had not altined 
appreciably in appearance. 

30. Dr. A. Neve, of the C, M. S. Mission, Kashmir, has sent us 
some interesting notes on the Murgisthang or 
Mongstong glacier in the Mustagh Kango, and 

on the Machai (or Meclioi) glacier, near the crest of the Zoji La, 
on the road from Srinagar to Leh. The latter is one of the most 
easily accessible glaciers in Kashmir, but the ice is so buried in 
moraines on either side that it would be difficult to find sjiots on 
which permanent marks could be placed near the tongue. Dr. Neve 


Kashmir glaciers. 



Pakt 2.] La Toucjijo : Genend Report jor 1909. 


9;i 


The Khumduni glaciers. 


thinks that there has been scarcely any change in it during the 
last 25 years. 

31. The Klunndiiin glaciers are situated on the right bank of the 
Shayolc river near its source, and were visited in 
1908 and again in 1909 by Captain D. (J. Oliver, 

I. A., accompanied on the latter occasion by Dr. T. G. 
LongstafT. The ('hief interest of these glaciers, so far as the 
question of secular oscillation is concerned, lies in tlie fact 
that they all descend from lateral valleys to the bed of the riVer, 
aloiig which runs an important trade route across the Karakoram 
Pass into Tibet. Thus any general retreat or advance of the ice 
can be easily recognised. Cai)tain Oliver gives instances of floods 
caused by the advances of tlic glaciers completely across the bed 
of the river, the last occasion when this happened being in 1903. 
The Aktash glacier also advan<*ed in the same manner in 1905 but 
caused no flood as the water j)crcolated through sand in the river 
bed at this point. 

])r. Neve’s and (^iptain Oliver’s notes will shortly be pub- 
lished in the licrouls 

32. While engaged on a teiverse along the |)laleaii of the 8alt 

llaiige in the Punjab, for tlie purpose of as- 
Sali^Range*^ Pwniab eertaining the ])robable extension of the coal 
seams beneath the Niimiiiulitic limestone, 1 
took the o|)portunify of surveying and taking soundings of the 
four permanent lakes found on the jdateaii. The basins of these 
lakes, with the exception of the Jalar Kahar, were, found to owe 
their origin to earth movements, that is to say, to a synclinal 
fold in the case of the Kabaki Kabar and to faulting in tliat 
of the Kalar and Son Sakesar Kaliars respectively. The Jalar 
Kahar has been formed by erosion along the crest of an anticlinal fold 
in Carboniferous liniestone. All the lakes ar(> very shallow and none 
of them has any visible outlet. Their ])resent configuration is 
due to irregularities in tlie. accumulation of wind-olown ‘loess,’ 
wliicb collects in llic original dcprcs.sion.s. A full account of the 
lakes is j)ublishcd in Pt. 1 of tbe current volume of the Records. 

33. In a paper published in Vol. XX.KVH, Pt. 3, of the Records, 

Mr. Coggin Birnm brought up to date the accounts 
Arakan^oast^^^ various eruptions of the mud volcanoes 

situated off the Arakan Coast that have taken 
place since 1893. There aj)pcars to have been a remarkable period 
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of quiescence between tlie years 1886 and 1903, similar to that 
noted by Mr. Mallet between 1846 and 1878, but it is not certain 
that the apparent falling off in activity is not due to lack of evi- 
dence of eruption. Since 1903 five eruptions have been recorded and 
are described by Mr. Brown, one of which resulted in the forma- 
tion of a new island, off Beacon Island, on the 15th December 1906. 
This island was still in existence in December 1908, but a great 
part of it had been washed away. 

ECONOMIC ENQUIRIES. 

Coal. 

34. The revision of Uic geological map of the Kaniganj coal-field, 

undertaken in November 1908 in conjunction 
ol?h?filSga“i^Wl!e?d. a Committee appointed by the Mining and 

Geological Itetitute of India, has made fair 
progress, and it is hoped will soon be completed. The rc-survey 
is being carried out on behalf of the Geological Survey Department 
by Mr. H. Walker, who testifies to tlic general accuracy of the ori- 
ginal maps, for a long time out of print, constructed by the late 
Dr. W. T. Blanford in 1858-1860 ; only minor corrections in the boun- 
daries along the margin of the field, where dense jungle existed in Dr. 
Blanford ’s time, being necessary. The principal additions to our 
knowledge of this important area have been made with respect 
to the underground correlation of the coal seams and the more 
accurate mapping of faults and dykes, in which work Mr. Walker 
and the tJommittee have received most valuable assistance from 
the owners and managers of the collieries, most of whom have 
placed tlieir mining plans and boring records freely at their disposal. 

35. A small patch of Damuda rocks at (iilhurria on the western 

r....- ^ n * .uii. flanks of the Bajmahal Hills, containing a seam 
Gllhurria>Ra)inabal Hills. . , , , , , . i 

of combustible carbonaceous shale, w as examined 

by Mr. Stuart in the course of his examination of the area for 

china-clay and glass-making sands (referred to in last year’s General 

Report) and is described in a short paper in Vol. XXXVIII, Pt. 2, 

of the Reemds, The occurrence is interesting, as it indicates the 

continuance of the Damudas of the Hura and Dhamni coal-fields 

beneath the trap, but the coal, which was being quarried by the 

natives, is of poor quality at the outcrop. 
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36. At the instance of the Railway Board I was deputed to 

visit the coal mines being worked by native 
ShSpar^DlsMcf. *^*”*** owners in that part of the Punjab Salt Range 
which lies in the Shahpur District, as applica- 
tion had been made for the construction of a branch line from 
Dhak station on the Siud-Sagar line to the foot of the range to 
serve the mines. At present the mines are worked entirely from 
the outcrop, and no attempt has been made to form a reliable 
estiniate of the quantity of coal available. The present output is 
not more than 40 or 50 tons a day, and until more capital is spent 
on the development and equipment of the mines, it would be 
premature to discuss the question of constructing a branch line to 
the locality, unless there is a demand for building stone from the 
Range sufficient to supplement the coal traffic. 

1 also made a traverse along the Salt Range plateau and sug- 
gested that a series of borings should be put down through the 
Nummulitic limestones which cover the greater part of it, in order 
to ascertain whether coal exists in workable quantities beneath it 
at the horizon at which the C/oal seams crop out along the southern 
scarp. An experimental boring at Dandot was sanctioned for the 
purpose of estimating the cost of carrying out this scheme, and 
is now in progress. 

37. Reports of the discovery of coal in the valley of the Great 

Sikkim Rangit River in Sikkim having been received, 

I visited the localities during my tour in that 
State. Several of the outcrops had been opened out sufficiently 
to show that the so-called coal is a dense lilack carbonaceous shale, 
so greatly crushed as to haVe assumed a nodular structure in which 
the nodules are surrounded by a thin glistening film of carbon, 
the appearance in bulk being that of a hard bright coal. It is 
so impure however that when placed on a fire it merely becomes 
calcined, and it will not support combustion, liomc of the seams 
are as much as 6 feet in thickness, but none of the so-called coal is 
of any value as fuel. 

Copper. 

38. On my way to the glaciers of Kinchin junga I also visited 

Sikkim localities in Sikkim at whieffi copper ores are 

knowm to occur, and are now being actively 
prospected under European supervision. The conditions under wffiich 
the lodes occur, especially the intense folding and disloiiations to 
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which the rocks have been subjected, render it extremely difficult 
to form a definite opinion regarding the continuation of any parti- 
cular occurrence of ore, but it is evident that in many cases the 
lodes, though perhaps originally continuous, have been broken up 
into a succession of small detached lenticles or pockets, and that 
the location of these would be a matter of great difficulty and 
expense. In a few instances, however, lodes of some persistence 
have been opened up, and may prove to be worth exploitation by 
modern methods. 

39. Traces of copper ores in the Bundelkhand gneiss of the 

Gwalior Gwalior State were investigated by Mr. Jones 
(see below, p. 113) but were found to be of no 

economic importance. 

Engineering Questions. 

40. At the request of General C. H. Powell, Commanding the 

Jullundcr Brigade, 1 visited the Hill station of 
houSc.^*”* Dalhousie in September for the purpose of 

exjiminiiig the sites ])roposed for the erection 
of a garrison church and other buildings. The cantonment is situated 
on a narrow spur known as the Balim spur which runs out to the 
north from the high ridges on which Dalhousie itself is built, at 
a considerably lower level than the civil station. This spur con- 
sists of slates which have a regular easterly dip, corresponding very 
closely with the slopes on the eastern side of the s})ur. The soil 
cap on this side, which is of groat thickness, has therefore a con- 
stant tende^ncy to creep downwards, as the toe of the slope is cut 
away by the stream at its base, and any heavy structures, either 
on the slope or near its crest, arc liable to serious movement of 
their foundations. In fact evei*y building already erected in such a 
position is severely cracked, and the eastern end of one of the 
barracks, which are exceedingly massive, had to be pulled down some 
years ago. These movements are, however, entirely confined to the 
soil cap, and all buildings erected not too near the eastern edge of 
the spur would be perfectly safe. Such a site was selected for 
the church and the other buildings to be erected. 

41. In response to a request made by the Chief Engineer for 

ve River Proicct Madras that the sites proposed for 

Coimbatm DlSricl.^ ^ ^8,m on the Cauvery Eiver in the Coimbatore 
District should be inspected and reported oil 
by a geologist, Mr. H. Walker was deputed on this duty in July 
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1909. Five sites in all were extoiined, situated on a straight reach 
of the Cauvery between CauVcripurani and the mouth cf the Bhav- 
aiii River, where it is bordered on either side by hills of crystalline 
roclcs. Mr. AValker submitted a full report to the Local Govern- 
ment, and was able to recommend a site about ll miles below the 
village of Sanpalli as the most suitable for the project, but details 
of alternative sites are given, the final choice depending upon 
economic and engineering (ionsiderations. 


Fire clay. 

42. Among the clay beds at the base of the Morar group in 

(Lvalior State a thick bed of soft white clay 
wa lor a e Raipur (I. T. S. has been extensively mined 

for use as whitc\vasdi, but from its composition, and from tests 
made by Mr. II. G. Jones, it is considen'd that it would make good 
fire bricks. 

Galena. 

43. Mr. H. 0. Jones examined some occuirences of galena in the 

^ , Gwalior State at the roquest of the Durbar. 

Mere traces of the existence of the mineral 
were found, as described below (p. 113). 


Petroleum. 

44. The Burma Oil-fields jiarty for the field-season 1908 09 con- 

Burma listed of Messrs. E. 1 1. Pascoe, G. de P. Colter, 

K. A. K. Hallow^es, M. Stuart and Sub-Assist- 
ant S. Setlni Rama Ran. 

45. At the beginning of the. season Mr. E. H. Pascoe was en- 

gaged in assisting the Committee apiioirited to 
Ycnangyaufig. enquin*. into the working of the lenangyaung 

oil-field. An analysis of data regarding flash- 
points and specific gravities supplied by the Burma Oil Co. led to 
the following interesting conclusions : — 

(i) That in each well the specific gravity decreases generally 
with the depth, especially near the surface. 

{n) That in each oil horizon the specific gravity is generally 
least at the crest- and increases further down the flanks 
of the anticline. Wells thereof ore near the margin of 
the field may be expected to yield a heavier oil at any 
particular horizon than those nearer the crest. 
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A final attempt was made to correlate the various oil sands 
recorded in the boring logs of tho Companies engaged in the in- 
dustry, but was not successful. 

46. The portions of Ramri Island, ofi the coast of Arakan, examined 

were the northern area including the Minbyin oil- 

Mf.*El"H.*Pii8coe. (Yenandaung) and the oil-field of Ledaung. 

The island is evidently part of a raised archi- 
pelago and raised beaches are found all along the West coast. 
The rocks consist of sandstone and clays with occasional thin bands 
of conglomerate. Calcite is abundant locally, but selenite was not 
found in the portions of the island visited. Prom Mr. Davies’ find 
of nummulites near Pyade, some of the rocks appear to be of Eocene 
age. Mr. Pascoe was no more successful than Mr. Mallet in any 
attempt to divide the beds into distinctive series. 

In all but one or two doubtful cases, the rocks arc inclined 
steeply or vertically, and the hypothesis which fits in best with the 
facts is that there are several sharp contiguous folds which have 
been sufficiently denuded to leave an almost uninterrupted series 
of steep dips. Some of the folds are very sinuous, and the direc- 
tion of dip and strike may vary enormously. 

Mud volcanoes, gas vents and oil seepages are found throughout 
the island except within a barren tract around the town of Ramri. 

In the Minbyin field native workers have shewn themselves 
more enterprising than those at Yenangyaung, and have adopted 
a crude method of the rod -system used in Canada, learnt from 
Canadian drillers employed by the Australian and Baronga Oil 
Companies. The wells are cased for the first 18 to 20 feet only, 
and are never more than 500 feet deep. Some 200 wells have been 
put down here but most of these have been abandoned, less than 
50 being worked at the present day. The total yield of the 
field amounts to something under 2 barrels (80 gallons) per day. 

Between 15 and 20 wells have been drilled at Ledaung about 
24 miles south of Minbyin and some are still producing oil. 

47. Two areas were surveyed by Mr. Cotter — one in the 

.. « Minbu district and one in the Pakokku 

Mr. 0. dcP. Cotter. a. 

district. 

In the Minbu district, sheets 111 and parts of sheets 110 

MiDbii District. Survey, 1"=: 1 m., were 

geologically mapped. The Pegu beds are found 

in the West of sheets 111 and 84 L/6, dipping very regu. 


MiDlm District. 
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larly east except in the neighbourhood of Ngahlaingdwiu where 
they are disposed as an anticline. Mr. Cotter was able to differ- 
entiate the Pegu beds into three groups which grade insensibly 
into one another. The upper group consists of shallow water 
deposits with current-bedded sandstones, selenite and shallow 
water fossils including Cyrena emwfurdi and C. khodaungensis. In 
the middle group, current-bedding is uncommon, the rocks are 
harder, the clay beds more sharply differentiated from the sands, 
and the fossils belong to the ‘ ‘ laminaria ’ ’ zone. The lower 
group resembles the middle, but the sandstones are coarser and 
harder and the limestone bands slightly more frequent. A species 
of Hderodegim and a nummulitc, most probably of oligocene age, 
were found at an oil seepage 3 miles N. N. W. of Ngahlaingdwin. 
Another seej)age occurs 3| miles W. S. W. of the same village. The 
Ngahlaingdwin anticline is steeper on the west than on the east ; 
and since it sinks rapidly southwards in the area mapped, Mr. Cotter 
is of opinion that it W'ould be well worth wliile to examine the area 
to the north in sheet 84 L/5 before testing near Nghlaingdwin. 

In the Pakokku district the Myaiiig anticline was examined and 

„ . , . . surveyed with the aid of cadastral maps on 

Pakokku District. • r 

a scale oi J, =>_ I m. The anticline, con- 

sisthig of Pegu and Irrawaddy beds, resembles that of the Gwegyo 

hills, 'rhe crest is recognisable near Chaingzauk, but southw^ards 

has been faulted away by what Mr. Cotter considers to be probably 

a thrust- plane on the east. Fossils of the usual Pegu types were 

found together with selenite and fossil wood, the latter being fairly 

common in the Pegu rocks. Ihere arc many gas [jogIs, buc Mr. 

Cotter considers the area unpromising for oil boring on account 

of the contortion and faulting. 

48. Tlie following siheets of the Purina Survey 1" =1 m. were 

Mylngyan District. n apiH'd geolcgirally : ijarts of 109 and J12, 

Sub-Assistant Sethu east of the Irrawaddy, the northern half of 

RamaRau. sheet 153, and the whole of 150. 

In sheet 109 the eastern boundary of the Pegu inlier of Singu 
was mapped for the first time on this scale, as also was the 
northern part of the Gwegyo anticline and the southern extremity 
of the Pagan fold. Cone-ih eone structure was found in many 
places in the northern part of the Gw-egyo anticline. 

In sheet 153 the rocks cast of the Popa area were found to 
be folded into successive sharp anticlinal and synclinal folds and 
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consisted of Pegu strata. The crests of the anticlines usually occupy 
low ground, and their direction is about 40° W. of N. to 40° E. of 
S. Sandstones predominate over shales, and some contain many 
nodules of carbonised w ood enclosed in pyritif'erous sandstone. Fossil 
bands are plentiful, the commonost sjjecues being Tarritella simplex 
and T.acuticarinaia. Specimens of including B, kJiodaungensis 
were also obtained. 

The country surveyed in sheets .15(3 and 112 (E. of the river) 
is that around and east of Magwe. In it was discovered the 
Pegu inlier of Oiidwe on which a short note has already been 

published {Records, Vol. XXXVI ll, Pt. 2, p. 152) and which is 
shortly to be tested for oil. 

49. Mr. Vredenburg in a recent pai)er in the Records (Vol. 

Possible oil-field In ^^XVIII, Pt. :3, p. 205), has called attention 
Las Bela and Southern to the possibility of petroleum being found in 
Las Bela and tlie Mekran district, in rocks 
belonging to the Hinglaj series which correspond with the 
oil-bearing strata of Burma. The structure is favourable for tin? 
storage of petroleum in large quantities underground should it 
exist, and though no oil see])ages occur, the presence of mud 

volcanoes along the crest of some of the anticlinal axes is a 

favourable sign. 

Tlic other minerals found in southern Baluchistan were noticed 
in the (Jeneral lleport for 19(K) {Records, Vol. XXXVIIT, Pt. I, 
p. 50), and are described in greater detail in Mr. Vredenbiug’s 
paper cited above. 


Road»inetal and Building Stone. 

50. llefcrencc has been made in ])revious General Reports 

^ ^ „ (Records, Yol XXXllI, Ft. 2, p. 85, Vol. 

Road-metal for Rangoon. iy4. i ^ t 

XaXV, Pt. I, p. dO) to the question ot an 

ade'quate supply of road-metal for Rangoon, the cost of im- 
porting such material from Bombay and Mauritius having become 
prohibitive in view of the rapid extension of the roads of 
the city and its surroundings and the groat increase of traffic 

within the last few years. Formerly the Bombay basalt was 
brought in by ships in ballast and was collected at little cost to 
the Municipality, but the opening of direct steamship communi- 
cation with foreign countries has cut off this source of supply. At 
the request of the Chief Engineer to the Government of Burma 
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Mr. P. N. Datta was deputed to examine the crystalline rocks of 
the That6n District, Lower Burma, rendered accessible by the 
opening of the Pegu-Moulmein Railway, and his report, submitted 
in May 1909, shows that there is a practically inexhaustible 
supply of gneiss and granite to be obtained within easy reach 
of the line. These rocks, though perhaps not quite so durable as 
the Bombay basalt, will no doubt serve the purpose required 
at far less cost than the imported material. 

51. In the General Report for J908 {Records, VoJ. XXXVIII, 

^ , . Pt. I, p. 46) reference is made to a visit by 

Taungu stone quarries. „ ^ . • % 

Mr. (t. der. t otter to the stone quarries of 

Taungu, Lower Burma, in older to advise the Public Works De- 

jiartment, Burma, regarding the location of a Government quarry 

for the supply of building stone. Mr. (/otter’s report, submitted 

in April 1909, shows that building stone of two qualities may be 

obtained in large (piantities from these quarries 

(1) A yellow calcareous sandstone occurring in a bed from 

200 to 300 feet thick, and extending for a mile along 
the strike. This is somewhat soft when freshly cut but 
hardens on exposure to the air. 

(2) Purple, sometimes pink, sandstone of medium grain, very 

slightly calcareous and considerably harder than the 
yellow sandstone. It occurs in layers averaging about 
(i inches in thickness, but slabs of one foot thick might 
be obtained. Other localities in the neiglibourhood 
were visited but the stone was found to b(^ of inferior 
(|uality. 

Sait. 

52. The relics of a once nourishing salt manufacturing industry 
in the Myingyan District, now moribund on 

MyfnIkrDlsK Burma, account of the competition of imported salt, 
are described ))y Sub-Assistant Sethu Rama 
Ran. The inhabitants of one village, Sagyin, even now subsist 
chiefly on tl.is industry, and a few others arc still engaged in it. 
The salt is derived from s])rings and causes a saline efflorescence 
on the surrounding soil. After saturation as far as possible by 
repeated ir.oistening with the water (lowing from the springs and 
drying, the soil is lixiviated either in large conical wicker baskets or 
in rows of eartlicn pots, and the brine evaporated over a slow lire, 
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Water. 

63. Many applications have been received from Local Govern- 
ments and private individuals during the year for advice regarding 
the search for artesian water in various parts of India. Where 
these enquiries are concerned with the great expanses of alluvium that 
cover the valleys of the Indus, Ganges and Brahmaputra the 
advice of a geologist is of little value, as the alluvial strata lie 
horizontally and information regarding the distribution of subsoil 
water can only be obtained by actual experiment, that is to say 
by well sinking or boring. In hilly tracts on the other hand 
the possibility of obtaining artesian water depends entirely on 
local conditions and it is not often possible to ascertain these 
from a small scale geological map without personal inspection of 
the ground. The following is a summary of the work that has 
been done durifig the year. 

54. A boring was put down close to the Political Agent’s house 
„ - ^ ^ at Mastung to supply drinking water, and 

was carried to a depth of 510 feet without 

meeting with water under sufficient pressure to bring it to the 
surface. The rocks passed through, judging from the samples sub- 
mitted, were Siwalik clays, with a bed of loam at 410 feet, from 
which water rose to between 13 and 17 feet below ground level. 
This water was found to be slightly brackish, but it is not clear 
whether the brackishness was not caused by a leak in the tube at 
a higher level. 

56. A boring put down to a depth of 410 feet near Said 
Kulozai Hamid railway station (Kiilozai) was not suc- 
cessful. It was proposed to make another 

attempt near Gulistan, 8 miles further to the south, where the 
conditions are similar to those at Quetta, and there are some 

‘‘karezes.” A supply sufficient for drinking purposes might be 

obtained here. 

56. Considerable activity has been shown by the Agricultural 
Department in Bengal in sinking borings in 
Bub-soil water, in accordance with 
the recommendations of the Irrigation Com- 
mission. From a note supplied to this Department, by Mr. W. R. 
Gourlay, Director of Agriculture, it appears that operations have 
been carried on in nine districts, both north and south of the 
Ganges, and that several of the District Boards have purchased 
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sets of tools. The wells sunk are said to have been more suGcess- 
ful in the districts to the south of the Ganges than to the north, 
as the former must be sunk to a greater deptli before reaching a 
water-bearing stratum, and, therefore, the water rushes in with 
greater force. On the north side the sands lie at a shallower 
depth, and it will probably be found advisable to sink ordinary 
percolation wells in this area. 

57. In April 1909 the District Engineer in Muzaffarpur, and 

more recently the Secretary to the Government 
afSlamwhl.^^ *^*^*^*”* Bengal, IrrigatioTi Department, requested 
our advice regarding the putting down of a 
deep boring at Sitamarhi, in order to ascertain whether water under 
pressure does not exist in the coarse gravel beds that presumably 
lie at the base of the Gangctic alluvium. In view, however, of 
the distance of Sitamarhi from the northern edge of the plains, 
whence the water would be derived ; the slight elevation above the 
plains of the beds into which the water percolates from the hills ; 
and the poor results obtained from the Lucknow boring, 1,33(5 feet 
deep, in 1889, I was compelled to reply that 1 did not think the 
prospects sufficiently good to warrant the expenditure of a large 
Slim of money on a deep boring. I think that the salvation of 
this^ and neighbouring districts will consist in the deepening of exist- 
ing wells, or the sinking of borings through them, in order to reach 
deeper >vater-bearing strata in the alluvium, which may keep them 
supplied in times of drought. 

58. Messrs. Balmer, Lawrie & Co. having reported that they 

experienced increasing difficulties in obtaining 
an adequate supply of water for their Paper 
Mills at Raniganj from the Damuda river owing to changes in its 
liourse, and that they contemplated boring for artesian water, Mr. 
H. Walker was deputed to examine and report on the possibilities 
of the project. He found that there was no jirospect whatever 
of obtaining an artesian supply in the vicinity, and recommended 
the sinking of a number of bore-holes in the alluvium bordering the 
river, by which means a sufficient supply may be obtainable from 
a band of gravel underlying a bed of clay in the alluvium, which 
appears to have a considerable extension horizontally. 

69. After many delays, due to the difficulty of finding a suit- 
Bofflbay: Boriags lo ^hle site, the experimental boring in Gujarat 
with the Calyx drill, lent by the Geological 
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Survey Department, was at length started in the autumn of 1909, 
the site finally selected being near Sanand railway station, on the 
Ahmed abad-Wadhwan branch of the Bombay, Baroda and Central 
India Railway. A report on this boring has been furnished by 
the Engineer-in-charge, from which it appears that water was struck 
at a depth of about 300 feet from the surface, but not under 
artesian pressure. Pumping tests have proved that a discharge of 
about 5,000 gallons an hour is available, but the water is of inferior 
quality, and is not potable. In fact it is evident ^from the boring 
records that the water comes from a bed of sand in the alluvium, 
and is ordinary sub-soil water. It still remains to be proved, there- 
fore, whether water under pressure can be obtained beneath the 
plains of Gujarat, but in places like Sanand the alluvium is probably 
too thick to be piercccl by a boring of reasonable depth. 

It is unfortunate that the site originally selected under tl^c 
advice of this Uepartinent, to the north-cast of "Wadhwan, was 
found to be impracticable. Not only is the alluvium there prob- 
ably much less deep than at Sanand, but there was a prospect 
of reaching the Tertiary strata which may underlie the alluvium, 
and which might have given a fair supply of artesian water. 


60. At the recpiest of the local Government, Mr. P. N. Datta 
» . ^ . visited the town of Pegu for the purpose of 

water at Pegu. advising the (’hief Engineer regarding the 

jiossibility of obtaining a siqyply of drinking 
water from artesian wells. T’wo sources had already been tapped 
by tube wells of 120 and 305 feet deep, resjiectively, at the Ice 
Factory in the town, and the existence of a water-bearing stratum 
at a depth of 580 feet had also been proved. Mr. Datta was of 
opinion, however, that the supply from the higher beds would not 
be sufficient for the town, as a considerable portion of it is taken 
by the Ice Factory, but if the water-bearing strata are continuous 
it should be possible to obtain a large su]>ply from them, if several 
wells are sunk at such distances apart that they do not interfere with 
one another. 

A trial boring for water at Shamgarh station on the Nagda- 
Muttra Railway proved unsuccessful, as the 
borta?a*/sil!mgart7'^‘’ whole of the boring was in Deccan trap. It 
was thought that the trap-flow might be of 
small thickness, and that water might be found beneath it, but after 
boring to a depth of 217 feet the experiment was abandoned, 
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62. On his way to Upper Assam in November 1909, Mr. Hay- 

den visited the tube wells at Chittagong which 

ABMmfctaitta^ng! Messrs. Kilburn ^ Co. in 

accordance with the advice given by him after 
an inspection of the locality in 1906. In the first instance an 
experimental bore of 3jJ inches in diameter was put down to a depth 
of 700 feet. Three water-bearing bands were met \\ith, one of 10 
feet thick at 165 feet, the second of 40 feet thick at 215 feet, 
and the third of 92 feet thick at 335 feet from the surface, re- 
spectively. Below this no more water-bearing strata were found. 
The water from the band at 335 feet, that from the upper layers 
having been blocked off, rose to 8 feet below' the ground level, and 
pumping tests showed that a constant yield of about 1,100 gallons 
an hour, capable of being largely increfised with a more powerful 
pump, could be obtained from this band. Jt was then decided to 
siniv tw'o other tube wells of 6 indies diameter each, near the original 
boring, and th<sse ]*ave now been drilled, but only one has been 
fitted with machinery for testing the yield. This is about 9,000 
gallons per hour, and it is estimated that the two six-inch wells 
will give an ample supply lor the town, the roquiroinents being 
aliout 300,000 gallons a day. The water is derived from Tertiary 
sandstones wliicli have their outcrop in a ridge of low hills lying 
to tlio south-west of the town and is th(‘refore under artesian eon- 
ditions, though the effective head, owing to the h>w' elevation of the 
outcro]), is not sufHeient to force the water abov(‘ tlic orifice of the 
bore hole. 

63. Since the year 1906, the Public Works Department has been 
engaged in putting down a lioring for artesian 
water at .lorhat in Ujipi'r Assam. Last year this 

boiing reached a depth of 365 feet, and sam[iles of the strata 
passed through were sent to this Department for determination. 
From these it appears that the boring has not yet reached the 
base of the alluvium, and no indications of water under pressure 
have been met with. 

64. A boring w^as put down in the grounds of the Khalsa (*ol- 
legc at Amritsar in the hope oi striking artesian 
water, but at a depth of 215 feet, operations 

were suspended through lack of funds. The boring recoids show 
that at this depth the alluvium had not been pierced, but the 
principal of the College states that at 60 feet a practically unlimited 


Jorhflt. 


Pun]ab : Amritsar. 
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supply of water was met with, though not under pressure. The 
distance of Amritsar from the edge of the plains, about 50 miles, 
is probably too great to hold out much prospect of reaching the base 
of the alluvium at a reasonable depth from the surface, 

65. The Government of the United Provinces has asked our 

advice regarding the sinking of artesian wells 
portion of Bundclkhand not occupied by 
Native States ; but the greater part of the area 
specified consists either of metamorphic rocks or alluvium, while 
the narrow strips of Vindhyan rocks in the Lalitpur district are so 
disposed that there is no ])rospect of obtaining artesian water from 
them. It would be useless, therefore, to spend money on deep 
borings in this area. 

66. The Department of Land Records and Agriculture in the same 

„ provinces has shown great activity in putting 
Bono js for suDSOll WEicr. iniii i** 

down shallow bore-holes as a preliminary to 

sinking percolation wells, with a very gratifying measure of success. 
During the official year ending in 1909, over 1,000 of these borings 
were made, and in certain cases samjfies of the beds passed through 
have been sent to this Department for determination. As a gene- 
ral rule, the borings are not over 100 feet in depth, being usually 
stopped at this point if water is not met with, and none of them 
appear to have been carried far enough to determine the thickness 
of the alluvium out in the plains. 


QEOLOQICAL SURVEYS. 

Aden. 

67. An interesting paper has been contributed to the Records, 
CM R P Iin.a Vol. xxxvni, Pt. 4, by Captain R. E. Lloyd, 
I.M.S., Surgeon Naturalist, Marine Survey of 
India, giving the geological results of a tour made by him in 1906 
through the little known country to the north of Aden. Mr. P. R. 
Mallet had made a short expedition through this country in 1870, 
but was only able to reach the foot hills and determine the presence 
of fossiliferous limestones there. Captain Lloyd was able to pene- 
trate 40 miles into the hills, and ascended to Dala, which lies 
among hills of six or seven thousand feet in altitude. The rocks 
met with on the road were a sedimentary series of limestones and 
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sandstones and a more recent igneous series, covering a much 
wider area than the sedimentary rocks, and separated into : — 

(1) Massive lavas : — these occur above the others and form 

plateaus and pinnacles which give a characteristic ap- 
pearance to the landscape ; 

(2) Horizontally bedded lavas, consisting of alternating layers 

of compact black lava and amygdaloidal lava; 

(3) Beds of volcanic ashes of brightly variegated colours, dipping 

at pronounced angles, usually less than 30®. 

It is not quite certain from Captain Lloyd’s description, whether 
the dip of these beds is original and due to the presence of a 
centre of volcanic activity in this neigbourhood, or whether it is 
due to subsequent tectonic disturbance. As Mr. Vredenburg points 
out, the sedimentary rocks are similarly inclined, and he thinks 
therefore that there may have been a long interval betwecen the 
deposition of the ash beds and the eruption of the undisturbed 
massive lava, which may be of quaternary age, like the Aden 
volcano. 

The sedimentary rocks are older than the igneous series, but the 
uppermost beds show traces, in the presence of beds of volcanic 
fraghients, pebbles of lava, etc., of the setting in of volcanic condi- 
tions. The limestones are highly fossiliferous and have been shown 
by Mr. Tipper to be of Upper Jurassic age (.s‘cc above p, 85). 

The petrology of the rocks collected by Captain Lloyd has been 
worked out ])y Mr. Vredenburg (avc above p. 85), and the results 
of his investigations, with those of Mr. Tipper on the palajontology 
are published in separate papers in the same part of the Records. 


Burma. 

68. Part of the survey work in Burma is described above under 
the heading of Petroleum, wherever the areas dealt with have been 
mapped during the course of the search for new oil-fields. A con- 
siderable amount of mapping has also been carried out in other 
areas and a distinct advance made in the correlation and descrip- 
tion of the Tertiary deposits. 

69. In addition to the special enquiry into the suitability of the 

crystalline rocks of the Thaton district for road 
Burma^"Mi!R^N.Da^^^^ nietal, Mr. P. N. Datta made a geological 
survey of the western parts of the district. 
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The rocks met with were : — 

Alluvium. 

Laterite. 

Sedimentary rocks : - -Sandstones and shales, more or less me- 
tamorphosed in places. 

Crystalline rocks (i) Volcanic (probably rhyolitic) ; (ii) Granite 
and (iii) Gneiss with mica and quartz schists. 


A good section of the sedimentary rocks was 'found in the new 

^ ^ M X u cuttings for the railway at Martaban Station. 

Section at Martaban. . , , / , . , , 

Here some of the shales are highly carbona- 
ceous and contain plant remains, too fragmentary to admit of identi- 
fication, and bivalves, with casts of what appear to be OrhiculoiJea 
and the wings of insects. None of these is sufficiently well preserved 
or (jharacteristic to enable the exact age of the beds to be determined, 
but there is no doubt that they belong to the ‘ Moulmein Group ’ 
of Dr. T. Oldham, and arc probably of Carboniferous age. 


The crystalline rocks are of ordinary types and call for no 
special remark, but Mr. Datta thinks that the granites and rhy- 
olites, which were included by Mr. Theobald with the gneisses in 
his * Martaban Group, ' arc really intrusive, and may be of post- 
Carboniferous age. 


70. On his return from Kyaukphyu in February, Mr. Pascoc 
^ „ made an attempt to map the Pegu beds of 

egu c 8, enangyaung. Yenangyaung, but found that the conditions 

were such that no definite boundary lines could be drawn. At 
Yenangyaung the Pegu beds are of a sliallow w^atcr type and extremely 
variable in thickness, so much so that it was found impossible to 
recognise the divisions made by Dr. Noetling, who separated the 
Pegu scries into a lower or Prome stage, and an upper, or 
Yenangyaung stage. The question is of some importance, since 
if horizons of definite composition could be recognized in this 
enormously thick series of beds, it would render the mapping of the 
anticlines or domes beneath which petroleum is likely to be found, 
and the determination of faults, a much more simple matter than 
it is at present. Mr. Pascoe suggests that, instead of attempting 
to map the various groups of beds, wdiich are constantly changing 
in composition, a better method would be to lay down each 
Qutcrop observed accurately on a large scale map, and deduce the 
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structure of tlie rocks from the series of strikes thus obtained. But 
the chief objection to tliis course would be the necessity of 
constructing a special map (on a scale of at least 8 inches to the mile) 
for each locality visited. 

71. As a result of surveys carried on during the final months of 
two field seasons around the ancient volcano of 

Mr^lE lil**Pascoe^ Popa in the Myingyan district, more than half the 

area has been mapped. The northern part of the 
crater- wall is missing, and the rest is formed of breccia or agglo- 
merate. There is a conspicuous parasitic cone on the west known 
as Taungkalat. A large part of the mountain is made of Irrawaddy 
sandstone, and a few small inliers of beds resembling the Pegu are 
observable in a few places. The oldest bed is an asliy tuff inter- 
bedded in the Irrawaddy sandstone. The lavas are mostly ande- 
sitcvS, both hornblende and augite varieties being repri>sented. An 
account of the volcano will be published as soon as the petro- 
graj)hical details of the rocks collected have been worked out. 


72. Mr. Hallowes was engaged in examining the country imme- 
Country south of Mt. ‘^‘atcly south of Mt. Pojm. The Kyaukpa- 


Popa : 

Mr. K. A. K. Hallowes. 


daung Hills were found to be composed of 
altered silicified tuffs, with some interbedded 
altered rhyolites, associated with pumice and volcanic agglomerate. 
East of Leya altered tuff and rhyolite oeciir interstratified with 
Irrawaddy sandstones. The small hill of Taungnauk between 
Kyaukpadaung and Popa consists of altered silicified tuffs with some 
interbedded rhyolitic lava ilow^s. The junction between the Pegu and 
Irrawaddy series south of Popa was found to be covered by an 
extensive sheet of hornblende-andesite. The crater of Mt. Popa 
itself, according to Mr. Ifallowes, lies upon a fault. The hill 
known as Taungni was found to be composed of altere d lavas and 
white flour-like tuffs, some of whicli have been highly silicified ; it is 
probably an old tuff cone. Mr. Hallow'es reports the discovery of tuffa 
interbedded in Pegu sandstones near Leya and elsewhere, indicating 
that volcanic activity in this area existed in pre-Pliocene timoB. 
East of the Kyaukpon hills is a large tract of Pegu rocks bent into 
more or less parallel anticlines striking about 30° W. of N. In 
these Turritella amticarmita and T, simplex occur in great profusion. 
There are no good prospects of obtaining oil her\ 
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73. The localities examined and mapped by Mr. Stuart during 
the season 1908-1909, were North-West Proine, 
Mr^M^^uart **^®”*® ’ South-West Thayetmyo, and Yenangyaung. 

The results of these surveys have already 
appeared in Vol. XXXVlll, Pts. 2 and 4, of the Records. 

The mapping made it evident that Theobald’s classification of 
the Pegu system was the most suitable one, viz. 


4. Kama cla^-s. 

3. Upper Promo scries. 
2. Lower Promo stiries. 
1. Sitsayan shales. 


and that Noetling’s later suggestion to incorporate the Kama 
clays and the Upper Pronie series into one series, which he called 
the Yenangyaung stage, and the Lower Prome series and Sitsayan 
shales into another series, which he called the Prome stage, could not 
be entertained. 

It also became evident that the old method of classifying the 
fresh-water deposits as the Irrawaddy system and the underlying 
marine beds as the Pegu system could no longer be adopted, but 
that the division between the two systems must be made at the 
horizon of the unconformity which exists some distance below the 
base of the fresh-water beds. This unconformity is scarcely visible 
in any individual section, but on mapping the junction of the two 
systems is seen to be of considerable importance and extent. This 
brings a series of marine beds into the base of the Irrawaddy 
system, which series is represented in the district mapped by the 
beds on which the town of Prome is situated. This series of 
marine beds is described by Theobald as overlying the Kama clays, 
but is incorporated by him with the Pegu system. The Kama clays 
are therefore the highest beds of the Pegu system seen in the 
district. 


It was also ascertained that there is a distinct unconformity 
between the base of the Pegu system (Sitsayan shales) and the 
fiassein system. The age of the top-most beds of the Bassein 
system which are seen in the district are of Eocene age. 

Classiflcatloo of 74. The succession in the district is there- 

T^ary Strata. fore ; — 


Irrawaddy system 


Fresh-water series. 
Marine series. 
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Pegu system 


Oil horizon. 


Unconformity. 

3. Kama clays. 

_ _ , , f Upper series. 

2. Promc beds . ] 

( Lower senes, 

] . Sitsayan shales. 

Unconformity. 

Basseiii system. 

75. Another point which was sugge>sted by the detailed mapping 
of the district was that all the oil seepages 
in the district from the Pegu system come from 
the Kama clays, and that none occur in the system below this 
horizon. This observation is in direct conflict with Noetling’s 
assertion that all the oil in the Pegu system comes from the Lower 
Prome S(M*ies and Sitsayan shales (his Promc stage). 

7G. The structure of the Padaulcpin and Banbyin area proved 
to be an anticline in marine Irrawaddj'^ beds 
with the underlying Kama clays exposed in 
the crest of the anticline. Owing to the unconformity between the 
two systems there is not any delinite anticlinal structure in the 
Kama clays, which arc here several thousand feet thick. The marine 
Iriawaddy beds have a lower angle of dip in an easterly direction 
than the underlying Kama clays, and where the latter again crop 
out near Aukmanein, some ten miles to the west, only 1,200 feet 
of them arc seen. 

In view of the discovery of this structure, the fossil evidence 
obtained from the oil -fields of Miiibu, Yenangyaung, Singu, and Ye- 
nangyat was examined and was found to favour the view that in 
each case the structure was similar to that of the Padaukpin- 
Banbyin area, and that the Pegu ImhIs exposed in the various oil-fields 
were an upper development of the Kama clays. 

A separate investigation was carried out on the fossil-fish teeth 
obtained and their evidence generally supported the above view. 


Structure. 


Central India and Rajputana. 

77. Daring the working season, 1908-1909, the Central India and 
Messrs. C. S. Middle- Rajputana party was composed as last year, 
miss, H. C. Jones, A. M. but witJi the addition of Mr. Daru. In con- 
Heron and N. 0. Daru. sequence, however, ox the early completion of 

the linking up of the recent with the older mapped regions, the 
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portions under survey, after the first month or so, became discon- 
nected : Messrs. Jones and Heron were drafted to Gwalior and Alwar 
respectively, for mineral investigations and checking of the old 
siurvey, whilst Mr. Darn continued the new survey in Partabgarh 
and Banswara. Mr. Middlemiss continued in charge of the party, 
but wa ,3 only able to pay a short visit to the neighbourhood of 
Neemuch (North of Banswara) and to a portion of Alwar State. 

78. The first two months of the season Mr. Jones spent in put- 
ting the finishing touches to ^ his last year’s 

Mr. H. C. Jones: mapping in the neighbourhood of Kampura in 
Indore and Jaora. r i csi. x i • x r t rri • 

the Indore State and in parts of Jaora. This 

work, which connects our present survey with the old work of 
Messrs. Hacket and Kishen Singh, has already been summarised in 
some detail in last year’s General Report (Records, Vol. XXXVIII, 
Pt. 1, p. 62). Nothing fresh of any importance was found in the 
area with the exception of a few small inlicrs of Delhi rocks 
among the Deccan Trap at Dhorwara (24° 13' ; 75° 10') and Diknio 
(24° 10' ; 75° 5'), and some ancient workings for iron (magnetite and 
hematite of poor quality) in the Suket shales at Pardha (24° 32' ; 
75° 13'). 


79. The area next taken up by Mr. Jones was that of Gwalior 
Qwallor State near Gwalior town, at those interesting 
localities where the Gwalior representatives of 
the Bijawar series are found lying unconformably above the Bun- 
delkhand gneiss, and the Upper Vindhyans in turn unconformably 
above both. 


The whole of this area had already been mapped on the one 
inch scale by Messrs. Hacket and Kishen Singh ; whilst the former 
had also given a sliort but comprehensive account of its geological 
structure (Records, Vol. HI, ])j). 33-42, with map and further notes 
in Records, Vol. X, p. 84). The aim of Mr. Jones’ visit was pri- 
marily to examine some mineral occurrences which the Gwalior Dur- 
bar was anxious to have an opinion about. Incidentally, however, 
a re-examination of tlie general geological structure of the country 
was undertaken, and typical specimens of all the rock series were 
gathered and described in more petrological detail than was pre- 
viously possible. Mr. Jones’ report is very full and is illustrated by 
numerous very clear photographs and a few local sections. Much 
of it, however, is a repetition of observations already made by 
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Hacket, expanded by furtlier detail, and enlarged by more illus- 
trative descriptions of local occurrences. The general stratigraphy 
of the area remains unchallenged. No better examples of the 
supposed corals (as recognised by Dr. Stoliczka) from the limestone 
bands of the Morar shales (see Rexords, Vol. Ill, p. 36) were ob- 
tained, and Mr. Jones has been unable so far to improve upon the 
successional arrangement of the series of limestones, traps, felsitic 
rocks, shales, jasper, hornstone and clay bands belonging to the 
Morar series, in expansion of Hacket’s section given at p. 36 (toe. 
cU,). They still appear very vaguely outlined as lying generally 
above the Par sandstone at uncertain positions, whilst the genetic 
relations of many of these remarkable petrological types has not 
been further enquired into (compare rocks of the same age and 
general composition in the Son valley; Memoirs, Vol. XXXI, Pt. 1, 
pp. 58-92). The following is a brief outline of Mr. Jones’ results 
as obtained in his cxaniination of sheets 365, 366, 383, 399, 400, 
and 401 of the Central India and Uajputana topographical survey, 
between, latitudes 25'^ diV and 26"^ 15' and longitudes 78*^ 0' and 
78^ 45'. 


80. Typical Bundelkhand gneiss with pegmatites and quartz 
reefs, agreeing in every way with the descrip- 
Buhdelkhand gneiss tions of Mallet (unpublished reports siimmar- 
and quar z ree s. j Manual, 2nd Edn., p. 27), occupy 

the low ground in the south-east of the area, and Mr. Jones has 
given a number of particular descrii>tion.5 from special localities, 
accompanied by microscopical determinations. All appear to be 
varieties due to local concentration, or particular mineral segrega- 
tion, of one Archaean mass that cannot be further subdivided. 


81. It is in these rocks that trenclics have been opened for 
,, , ^ ^ ^ galena at Ragonathpur (26® 4' ; 78® 20') at Bhilowa 

(26^ o ; /8 20) and kaolin quarries at 'Antn 
(26® 3' ; 78° 17'). S])ccks of galena and some pyromorphite were found 
ill the first, but nothing at Bhilowa. Traces of galena, malachite 
and azurite ivere also found 2] miles west of Karliia (25® 54' ; 


78® 4'). 

Scarcely any metallic minerals were found in the quartz reefs 
penetrating the gneiss. Small specks of copper pyrites, covellite 
and malachite are mentioned as present, but no gold. Assays of 4 
of these veins were made in the Geological Survey laboratory by 
Mr. Blyth without any trace of gold or silver being obtained. The 
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Interbedded traps. 


pure white variety of quartz from the reefs is used for the manu- 
facture of glass at the Gwalior (Morar) works. 

82. The trap dykes of the area, previously described by Mallet 

(loc. cit.) are identified by Mr. Jones as ophi- 

Trap dykes. dolerites, consisting of pale brown augite, 

plagioclase felspar (labradoritc), magnetite, and ilmenite frequently 
altered to leucoxene. Altered varieties occur containing saussuritised 
felspar, hornblende, epidote, quartz, chlorite and hematite. 

83. A large number of notes on the Bijawar roc;ks of the area 

(Par sandstones and Morar group of shales) 

Upper^tadhyans * together by Mr. Jones in ampli- 

fication of Hacket’s original description (Records, 
Vol. Ml, pp. 33-42). They constitute a set of isolated petrographical 
descriptions of specimens and vsections from many localities, but as 
already remarked, their mutual relations and mode of origin have 
not as yet been further elucidated. 

84. The interbedded traj)8 associated with the shales compose 
five main spreads, and havcj been determined 
as labrad orite-augite-magnetite rocks. 

85. Mr. Heron, in his new survey of Alwar State, has contri- 

buted a very carefully coloured map and de- 
State^' ***”” * Alwar tailed report, illustrated with sections and an 
admirable array of photographs. The area 
treated of is chiefly in Alwar, with portions of Jaipur and Bharatpur 
States, as shown in sheets 286, 287, 288, 314, 315, 316, 339 and 
340 of the Central India and Kajputana topographical survey. 

86. His results comprise a return to the original view of Hacket 

^ (Records, Vol. X, Pt. 2, i). 85) as regards the 

rock succession, a matter which requires a few 
words of explanation. In the above cited reference, Hacket, after 
surveying the area in detail, arranged the formations as below : 

Mandan group of slates, schists and quartzites ; 
Ajabgarh „ of slates, quartzites, hornstone- breccia 
and limestone; 

\ Alwar „ of quartzites, conglomerates, schists and 
bedded trap; 

„ of limestone and quartzite ; 


Arvalis 


I 

Raialo 


and the small-scale map, illustrating that published report is col- 
oured according to this scheme. Later, however, in consequence of 
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work in other parts of Kajputana to the west, he formally aban- 
doned this view {Remrds, Vol. XIV, Pt. 4, p. 281) and wrote 

“Id my deaciiption of a purtion of this area, tbo Mwar hills, in a provioiis 
papier, I placed tho Ajahgarh and Mandaa groups at the top of the Arvali 
scries above the Alwar quartzites. Upon furthor oxainiiiation of th;> series 
in the country to tho west, wJu;ro the sections arc loss broken, £ found that 
this was not tho true interpretation of tho section, but that both tlioso groups 
were below tho quartzites, in fact, roprosontati ves of the Raialo group. I 
was led into this error by tho high dip of tho rocks and by taking inversion 
for the normal soquonce. 

I also then included the Alwar quartzites with tho Arvali scries, but as in tho 
W'cstcm area tho quartzites are found to constantly overlap the lower rocks; 
as also scvi'ial cases of iinconformity have been noticed it is necessary to 
separate these two series. As th«‘ (nuirtzites extend up to Delhi and form 
tlio ridge there, I now yiropose to call the oartzites and their associates in 
the Mundsaur hills and olHewhcre the Delhi series, retaining tlio name of tho 
Alwar quartzites for tho lower meniber of the series,’* 

A small-scale map illustrating the above paper is also coloured 
according to the new view ; whilst, what is of even more import- 
ance, the signed fair copies of the large-scale, 1"=1 mile, maps 
handed in by Mr. Haeket in 1882, and stored now in the map 
cases of the department were also coloured according to this later 

view and indexed thus : — 

\ 

Delhi series ( = Alwar quartzites). 

Arvali series witli limestone, hornstone breccia, 

* and trap { = Ajabgarli series). 


it sholud be noticed that this change of view of Haeket was 
made without his resurvi».ying the Alwar area, and without his 
supporting it by detailed sections. His paper in Vol. XIV of the 
Records being the last published account that Haeket wrote. 

87- Mr. Middleiniss, on visiting the area for a few weeks in Mr. 

Heron’s company during the latter’s survey, 
fhrlsbpur^^^^ particularly struck by th(} peculiar appear- 

ance and lie of the hornstone breccia, which 
both he and Mr. Heron agreed in viewing as a fault-breccia due 
to an in situ smashing and tearing asunder of the beds at various 
horizons near those of the Kushalgarh limestone and the Ajabgarh 
shales. Mr. Middleiniss, believing it to be the record of a great 
thrust-plane, suggested to Mr. Heron that it might possibly account 
for the two opposite interpretations of the sequence held by Mr. 
Haeket at different times. Mr. Heron, howeyer, in hia report, 
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Area surveyed. 


whilst accepting the theory of it as a nearly horizontal plane of 
movement, does not accept this suggestion as accounting for the 
sequence observed, which he simply describes in full detail on the 
basis of the original (but since superseded) description of Hacket 
as given in Vol. X. of the Records. 

Although the full petrographical descriptions of Mr. Heron are 
very carefully worked out, and are a distinct advance on anything 
hitherto attempted, it is to be hoped that further work in adjacent 
areas will enable Mr. Heron to clear up this question categorically. 

88. Mr. Daru broke new ground in Banswara, continiiing in a 

north and westerly direction the survey of that 

‘ ****^*®**" state already beeun by Mr. Heron during the 
earh and Banswara. „ ® . 

previous held season. In preparation lor this 

he, in the first instance, spent a short time in the nciglibouring 

state of Partabgarh, accompanying Mr. Heron in a study of the 

rock groups there displayed along the junction of the old work and 

the new. 

89. Mr. Daru was able to map geologically a considerable area 
within sheets 175, 176, 208 and 209 of the 
Central India and Rajputana topographical 

survey, the last two of which (begun by Mr. Heron) he has now 
completed. 

In carrying out this he followed the delineation scheme of his 
predecessors as closely as possible. The outliers of Deccan Trap, 
which lie flatly in the usual, absolutely unconformable way above 
the older rocks, were continued into tlie newly explored ground, 
where they were found to occupy the higher hills and ranges. As 
regards the older systems, he w^as able to distinguish and separate 
from a general ground work of j^resumably Archjcan gneisses and 
other crystalline rocks, a set of presumably much younger, meta- 
morphosed sedimentary rocks, consisting of limestones, shales, slates 
or phyllites, garnet-qiiartz-biotite schists, boulder beds and schistose 
conglomerates. These were found to be all highly inclined or 
vertical as to their dip, either forming comjjarativcly large spreads 
or narrow and frequently interrupted strips with a general N. 30° 
W. — S. 30° E. alignment. 

90. In spite of the wide areas of these rocks exposed in certain 

parts of Banswara, both Mr. Heron and Mr. 
.«i!?^”***** ^* *”*^*****^*" Daru found difficulty in interpreting the deposi- 
tional order of the various sediments which 


tation. 
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compose tliem. Their outcrops are certainly not wanting in continuity 
and parallelism over considerable tracts ; but the chief difficulty seems 
to be their obscure junctions with theArclucan ground- work, and their 
steep dips ; which latter, even where they occasionally give rise 
to anticlinal and synclinal flexures, nevertheless cause the younger 
series to appear as a whole more like parallel packets of strata 
thrust on edge amongst the Archaians than like outliers resting upon 
the same. Mr. Darn is disposed to accept a descending order agree- 
ing with that given in the preceding paragraph, with the except 
tion that the limestone bands appear at varying horizons. 

91. Notwithstanding this, Messrs. Heron and Darn’s work taken 
together comprises a detailed descriptive account 
Aravallls. large-scale map covering their joint area 

which now become of value in discussing ques- 
tions of correlation. The younger metamorphic series as a whole, 
and certainly as regards its larger spreads, must now be regarded 
as identical with the great grouj) which has been classified by 
Hacket as Aravallis, and map])ed by him in the sheets a little way 
to the north of the area now dealt with. It would also seem to bo 
likely that the interrupted bands of crystalline limestone, quartzite, 
limoiiite-quartz rock, griinerite rock, etc., whicli appear in very 
narrow outcrops among the wide sirea of mixed gneisses, and which 
were last year temporarily included with the mixed gneisses, should 
also be considered as long extended outcrops connected with the 
younger series rather than with the older Archiean complex— or as 
outcrops owing their narrow interrupted state to the circumstance 
that they are tlie remnants of almost obliterated troughs of corn- 
l)ressed folds. 'This last exjilanation at all events seems to be the 
only one capable of accounting for the very elongated strip of the 
Masania conglomerate (23^ 57' ; 74° 34') which continues for many 
miles with a very narrow outcrop as an isolated band among the 
gneisses. 

92. The conglomerate mentioned above is composed of flattened 
lenses of quartz held together by an argil- 
BouJd/r'bed”*'® ^aceous, chloritic or sericitic cement, and 

roughly resembling augen -structure ; but another 
much coarser conglomerate .or boulder bed, which Mr. Daru now 
thinks distinct from the former, is of considerable interest. It occurs 
prominently at Loaria (23° 4i)' ; 74° 10') and resembles that from 
Kusalgarh described by Mr. Heron, having a matrix of biotite schist. 
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and contained boulders ranging up to the size of three times a man’s 
head. These are subangular in shape, and consist of granite, gneiss, 
syenite and fragments of quartz, of felspar and of biotite rock. 
This remarkable bed is in direct connection with the schists and 
phyllites of one of the larger spreads of the younger metamorphic 
series. 

93. A boulder bed of the above nature, so agressively significant 

of all that can be implied by a great uncon- 

* ^S**sS?®** resemblance formity, is nevertheless at variance with the 
to tne Dnarwara. . , , 

peculiar position of the wholes senes, smothered 

as it appears to be by the surrounding gneissic system, and also at 
variance with other evidence of intrusive action both of quartz 
veins and granite among many members of the series. We are 
herein reminded of the similar paradoxical relations subsisting be- 
tween the Dharwars and massive gneisses of South India, a re- 
semblance which may even not be without value as an index of 
age. 

In view of the position suggested by Mr. Daru for the conglo- 
merate and boulder bed among the younger metamorphic Aravallis, 
it is difficult to correlate it with the somewhat similar boulder bed 
near Udaipur to the north. The latter is said to occur doubtfully 
at the base of the Alwar quartzite and between it and the older 
schists. (0. A. Racket, MS. Report, 188(3, quoted in the Manual^ 
2nd Edn., p. (38.) 


94. Both Mr. Heron and Mr. Daru have, in addition to the 

^ . above, recorded some compact quartzites and 

Doubtful rocks. . / i • i . r, ^ j i 

schists which they cannot definitely assign to 

the younger (Aravalli) series ; whilst at the same time they con 
sider them as unlikely to belong to the still newer Delhi series of 
Hacket. In these cases, as in all those involving narrow strips 
of rock types isolated by want of exposures or by alluvium, the 
coincidence of strike that obtains throughout all the rock complexes 
below the Deccan Trap, renders the sorting of every known out- 
crop exceedingly difficult. 

95. No attempt was made to limit by definite boundaries and 

Archcan com lex colours on the map the various members of the 
Archsean system among themselves. In this 
matter Messrs. Heron and Daru have both been compelled to fol- 
low the only feasible plan of indicating by one or two signs super- 
posed on one uniform wash of colour such marked lithological types 


Archcan complex. 
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as massive acid and basic intrusions, wherever such could be dis- 
tinguished as exercising a predominating effect in the field. Thus 
the mixed gneisses are left in possession of the greater part of the 
area coloured Archaean, with here and there patches of granite, 
syenite, aplite, pegmatite and basic dyke rocks. This, though a 
superficial method, and one giving no clue to the genetic relation- 
ships of the rock masses to one another, is nevertheless a slight 
advance on the work of the older survey in neighbouring parts ; 
but it would be premature at present to attempt any closer de- 
scriptive summary of results. This rock group may undoubtedly, 
as a whole, be correlated w ith the ‘‘ gneiss ” of Hackefc in the 
area of the Aravalli Range to the north. 


Punjab. 

96. In continuation of his survey of the ossiferous deposits of 
Dr. G. E. Pllsrlm : India, Dr. (}. E. Pilgrim visited that portion 
Upper Tertiary Fresh- of the Punjab, lying between the Jheluiii and 
the Indus, known as the Potw'ar, the Salt Range 
and the Murree Hills. Sub-Assistant M. Vinayak Rao was em- 
ployed in collecting from tlie same district under Dr. Pilgrim’s 
dir(k*tiori. 

As the result of his investigations, Dr. Pilgrim has been able 
to arrive at certain definite and important conclusions regarding the 
divisions of the Tertiary fresh- water strata of the Punjab, and 
their correlation with the Sivvalik formation in other ])arts of India. 

A full .summary of these conclusions witli a revi.sed classification 
of the Upper Tertiaries of India will appear in this volume of the 
Records, 


97. in the first place Dr. Pilgrim shows that Ibe numroulites 

Kuldana scries of '''dli the mammalian fauna of Fateh- 

Fatehjang. Rawalpindi, wdiich led Lydekker to 

refer these beds to the eocene (Khirthar) period are 
not in situ, and that great unconformity really exists between 
these beds and the Khirthars. The presence of Anthracothenum 
huiftiense, Bracht^dm ajrimnus, and other Upper Nari forms, clearly 
denotes the age of these beds, w^liich arc identified with the 
Kuldana series of Middlemiss, and pass upwards into the Murree 
sandstones. These latter beds thin out rapidly towards the south 
and arc not represented in the Salt Range, where the Kuldana beds 
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are followed by a series of beds correlated with the lower Siwaliks 
of Sind and the Bugti Hills. 

98. One of the most important discoveries made by Dr. Pilgrim is 

c. ... . the fact that the collections made by Mr. Theobald 

Potwar. the Potwar, from beds supposed to be on the 

same horizon as those mentioned above, really 
belong to a horizon some 5.000 to 8,000 feet higher in the series. 
This fauna, to which Dr. Pilgrim restricts the term Middle Siwalik, is 
quite distinct from the lower one, the most striking features being 
the absence of Dinotheriun and the abundance of Hipparinn, Giraffoids 
and the large antelopes. Furthermore, Dr. Pilgrim has proved 
the passage of these Middle Siwaliks upwards into beds containing 
a fauna identical with that of the Siwalik hills in the tyj)ical area. 
These latter beds had been traced by Medlicott and Theobald in 
practical stratigraphic continuity through Janiii and Kangra as far 
as the Pabbi Hills on the east side of the Jhclum, so that it now 
becomes possible to correlate the Siw'aliks of the Siwalik Hills with 
the Upper Tertiaries of Western India. 

99. Dr. Pilgrim also paid a visit to the Siwalik Hills in order to 
Siwalik Hills investigate a supposed boiic deposit. This turned 

out to be merely a deposit of calcareous tufa ; 
but he was able to revisit several of the old localities, which appear 
to have been worked out by former collectors, and discovered the 
important fact that most if not all of these localities are near the 
top of the series. The whole series of beds form a perfectly con- 
formable sequence, and the occurrence of Dmotherimn and sja'cies 
identical with those of the lower Siwaliks of the Salt Eange shows 
that lower horizons are also represented. This is the so-called Nahan 
stage. With the exception of these lowest beds, the rest of the 
series, including both Mr. Middlcmiss * Siwalik conglomerate ’ and 
‘ sand-rock ’ stages, corresponds both in thickness and lithological 
character with the Upper Siwaliks of the Pabbi Hills. 'Jhe con- 
clusion is therefore drawn that the middle Siwalik stage in the 
Siwalik Hills was characterised by a remarkably slow deposition, 
only a few hundred feet representing the 6,000 feet or so of the fos- 
siliferous Middle Siwaliks of the Salt Range. 

No reason whatever has been seen to doubt the propriety of 
separating the Dagshai and Kasauli series from the Nahans, or the 
identity of the two former with the Murree series of the Punjab, 
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Kashmir. 


100. During the summer of 1909, Mr. Middlemiss revisited Kash- 

mir, and added considerably to the discoveries 
f"’ ^'s^*****F"***f previous year, which have been 

Siteagar. described in Vol. XXXVII, Pt. 4, of the Re- 

cords and in the General Keport for the year, 
Vol. XXXVIII, Pt. 1, p. 69. A full account of these later obser- 
vations will appear in the current volume of the Records, 

The area examined is a compact one, about ’6Q miles long by 
16 miles broad, lying to the south-east of Srinagar, embracing the 
area in the Vihi district examined in detail last year and sections 
along the Patarkul, Traal, Lidar, Arpat and Naubug valleys, 
which, with a north-east -south-west trend, join the Jhelum valley 
above Srinagar. 

In his progress through this area, Mr. Middlemiss soon found 
that the old interpretation of the geological series as formulated 
by Lydckker (Memoirs, Vol. XXll) needed much revision as a sequel 
to the more recent detailed surveys, which since Lydekke^r’s time 
have been made of the Tibetan watershed of Garliwal and Kumaun, 
and in S{)iti. A new map was therefore produced of this very 
typical area, and a re-grouping of the fossiliferous marine sedimentary 
series from Silurian to Upper Trias was instituted. 

101. A large and characteristic collection of fossils was made 

_ , , , from many of the horizons as given in the 

eoogca sequeoce. formations below (arranged in descend- 

ing order) : — 


(12) U. Tkias 
(11) Muschelkalk 


• V 

! 


(10) L. Trias 

(9) Zewan or 

Carboniferous 

(8) L. Gondwanas 

(7) Volcanic plows. 

(6) Agglomeratic slate series. 

(5) M. Carboniferous (?) Fenestella series. 


(not differentiated into sub-zones). 
PtycMtes horizon. 

(hpnnites do. 

Nodular limestone. 

C Meekoccras horizon. 

([ Ophiceras do. 

( Spinjer Rajah and Manjinifera beds, 
\ Protoretepora limestone and shales. 

( Glossopteris horizon (Karharbari ?) 

^ Gafigamopteris do. (Tahdiir ?) 
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l2*2 

(4) L. Carboniferous. Syrlnqothyris limestone series. 

(3) Muth quartzite. 

(2) U. Silurian. Orthis shales. 

(1) L. Silurian and (traces of fossils only). 

Cambrian ? 

Of these, the horizons of the Upper Silurian and Muschelkalk, 
for the first time during this visit, were identified by beds contain- 
ing abundant faunas and arranged in regular sequence with the 
other formations round an elongated anticlinal axis which ])itches 
to the North-West in the neighbourhood of the Tiidar valley. 

102. Incidentally it will be observed that the removal of the 
so-called. Panjal trajis and conglomerates of 
Age of the Panjal Lydekker (Nos. 7 and 6 of the table) from 
a low position among the (?) Silurians of that 
author to a much higher level, immediately below the Permo-Car- 
boniferous and Lower Condwanas, has been found to be necessary, 
as was tentatively announced in the account of the previous 
season’s work on the Lidar valley sequence {op, cit., Vol. XXXVII, 
p. 322). 
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The Mineral Production of India during 1909. By 
T. H. D. La Touche, B.A., F.G.S., Offg. Director, 
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I.— INTRODUCTION. 

T he present summary of the returns of mineral production in 
India during 1909 covers the first year of a new (piinquennial 
period, the returns for the five years 1904 — 1908 having been dealt 
with by Sir T. If. Holland and Dr. L. L. Fcrnior in the Quin- 
quennial Review published as Vol. XXXIX of these Records. The 
arrangement adopted in the annual statements issued previous to 
1908 is therefore reverted to, that is to say, the minerals are 
grouped in two divisions, viz. : — 

Grouj^ I . — Those for which approximately full returns are 
obtainable ; and 

Group //. — Those for which returns arc admittedly incomplete 
or only approximately estimated. 

One mineral, namely silver-lead ore, has been removed from 
Group II to Group I, for since the opening up of the silver-lead 
mines of Bawdwin in the Northern Shan States, more reliable figures 
than before are available in respect to the production of this mineral. 

B 2 
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A summary of the total values of minerals produced in 1908 and 
1909 is given in Table 1. There have again 
^I^Total value ol produc. op loss pronounced increases in the 

value of gold, petroleum, saltpetre and jadestone ; 
while manganese-ore, mica, ruby, iron-ore and diamonds, the produc- 
tion of which had decreased in 1908, now show signs of recovery ; 
but there was a decided drop in the value of coal, as anticipated 
by Sir T. Holland in his last year’s statement, due to the 
depression in trade that followed the extraordinary activity of the 
years 1906 — 1908. While the sharp drop in the value of magnesite, 
from £2,009 in 1908 to £196 in 1909, again demonstrates how 
precarious is the demand for such minerals and how quickly they 
respond to changes in the European market. Salt, graphite, 
chromite, tin ore, and amber have also suffered a decrease. 


Table 1. — Totul Value of Minerals for which Returns of Production are 
amilahle for the years 1908 and 1909, 


MlN£Bi\LS. 

1008. 

1909. 


£ 

♦ £ 

Gold 

2,177,847 

2,204.866 

Goal 

.7.35«,209 

2,779,865 

Mangonesp-oro («) * . 

498««» 

508,483 

Petroleum ....... 

702,009 

910,172 

Salt (6) 

522,794 

453,630 

Salt fK^trc (n) 

292.758 

296.838 

Mica (rt) . ....... 

139,513 

156,199 

Ruby, Sapphire and S])inel .... 

47,954 

58,640 

Jadestone {a) 

74,402 

81,460 

Gra]>hite ........ 

14,366 

12,529 

Trou-ore (r) ...... . 

15,149 

16,663 

Tin-oie ........ 

11,015 

9,646 

Chromite. . . . . . . i 

0,338 

6,767t 

Diamonds ....... 

940 

1,089 

Magnesite (d) . . . ... 

2.009 

196 

Amber .... 

364 

287 

Total 

7.861,935 

7,499,228 


(a) Export values. (6) Prices without duly. (c) Estimated values for provin- 
oen other than Bengal, (d) Estimated vahios. 

♦ Exclusive of exix)rts from Miirmugao. 
t Exclusive of the value of the output from Mysore. 

The net result is that for the first time since these statistics 
have been published in the Records, there has been a drop in the 



Part 2.] La Toucue : Miimral Produclion f(ft* 1909, 125 

total value of mineral production, from £7,861,936 in 1908 to 
£7,499,228 in 1909, a decrease of 4*6 per cent. It must be 
observed, however, that this fall in value does not denote any serious 
diminution in the activity displayed in exploiting the mineral 
resources of the country, for it was the over-speculation of the pre- 
vious years that caused the abnormal production of coal, the mineral 
mainly responsible for the decrease, in 1908, leaving huge stocks to 
be disposed of in the next year when, as a natural result, the average 
price per ton fell from lis. 3-15 to Rs. 3-8. 

There was a considerable drop in the total number of mineral 
concessions granted from 816 in 1908 to 693 
griiiii"ed** during the year imdcr review ; but there was 

a very great increase in the number of raining 
leases, the figures being 71 and 156, respectively. The satisfactory 
aspect of this increase, however, which might be taken to mean 
that the activity shown in prospecting operations throughout the 
whole of India during previous years is resulting in a permanent 
expansion of the raining industry, is somewhat discounted on 
analysing the figures. For no less than 95 of these leases have 
been granted in a single province, Baluchistan, and 76 of these 
are for chromite alone, while it seems hardly possible that with the 
limited demand that exists for this mineral, every one of these 
ventures should become a financial success. If we omit the 
figures for Baluchistan the number of leases granted in other 
provinces indicates a no more than normal development of the industry. 


ChromiU? 

Coal 

Diamonda 

Gold 


IL— MINERALS OF GROUP I. 


(Jrajihilu- 
1 ion -o IV 
.ladoiti! 
Magnt'Milc 


M;mgaiuso-oio . ISalt, 

Mica . , Saltpotro. 

Pctrolciini . Silver- lead oit 

n uby, Sa piih in; and Tiu-oi c. 

Spiiici. 


Chromite. 

The output of chromite in Mysore during 1909 amount to 4,925 
tons, as against 610 tons in I 9 O 8 . The value has not been reported. 
In Baluchistaii the output fur 1909, amounted to 4,325 tons, valued 
at £6,767, as against 4,135 tons, valued at £5,513, in 1908. The 
average production for the five preceding years was 4,418 tons. 
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Coal. 

For the first time since the year 1882 a decrease in the total 

^ amount of coal raised in India has to be 

Total production. i i i i • j- n j* 

recorded, the production having fallen from 

12,769,635 tons in 1908 to 11,870,064 tons in 1909. But, as has 
already been pointed out, the decrease is due to causes quite 
extraneous to the coal mining industry, if \vc keep in view its rela- 
tion to the economic development of the (*ountry. The resources 
of India with regard to coal, and the effects that wjll be ultimately 
produced on her progress in such forms of industry as depend 
upon the possession of those resources, have not been in the 
slightest degree diminished or vitiated by the interference of people 
wliose only object is speculation, and it is probable that, with 
the experience gained during the last three years, the industry will 
be allowed to develop along normal lines. 

The deficiency in output is accounted for by the coal-fields of 
Bengal alone, where it amounted to 899,100 tons, the fluctuations in 
other provinces of India almost exactly balancing each other. 

The value of the coal produced fell from £3,356,209 in 1908 to 
£2,779,865 in 1909 as a natural consequence 

Value^and average production of the former year. 

This is shown by the fact that whereas the 
total value has been reduced by 17 per cent., the decrease in 
production was only 7 per cent. The average price of the mineral 
fell from Rs. 3-15 per ton in 1908 to Rs. 3-8 per ton in 1909, but 
it varies considerably in diffiorent provinces, as shown in Table 2. 

Table 2. — Average Price {per Ion) of Coal extravled front the Mines 
in each Province durimj the year 1909. 


PROviycs. I Avciagt? price per ton. 


liii. a. p. 


AHSam 






4 12 

0 

Bengal 






3 4 

0 

Rajputana (Bikaner) 






;i 0 

0 

Central India 






3 0 

0 

Punjab 






7 16 

0 

Baluchistan 






10 12 

0 

Central Provinces 





. j 

! 4 9 

0 

Nizam's Territory 






1 0 4 

0 

Others 

• 



• 


5 0 

0 
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The production of coal in the various provinces of India is shown in 

« Tabic 3. It will be noticed that Bengal shows 

mvioclal production, reduction, the fluctuations in the 

other provinces being unimportant, an<l practically balancing each 
other. 


Table 3. — Promncial Production of Coal durimj the years 1908 and 

1909. 


UllOVlXCE. 

1008. 

1000. 

Increase. 

Decrease. 


Tons. 

I Tons. ' 

Tons. 

Tons. 

Bfilucbistau .... 

45.212 

' 52,440 ’ 

7,2:i7 


Bcnyal .... 

11,550,911 

10,(*»()0,811 1 

^ , 

800, ioo 

Central India 

155,107 

121,400 


:i:i,oii 

Central Previnces . 

21:L780 

1 2:18,100 i 

24,:ui 


Eastern Bengal and Assam 

275.224 

;i05,r)0:i ! 

:io,:iao 


Hyderabad .... 

444,211 

442,802 i 


1,310 

North West Frontier Province. 

00 

01) i 

0 

, . 

Punjab .... 

54,704 

1 :n,2r8 ; 


17,580 

Bajputana (Bikaiiir) 

21,207 

’ 11,449 

! 



TOTAL 

12, 769, <>35 

1 11,870,064 

61,893 

961,464 


Tables 4, 5 and 6 classify the production according to the 

Geological elassilica- g««l«gjcal formation worked. In spite of the 
tion:— reduced output in Bengal, where all the coal 

Qondwana coal-fields. conies from the Gondwana system, the 

proportion of this coal to that from the Tertiary formations re- 
mains nearly the same as before, namely 9(5*57 to 3*43, in place of 
9()*9 to 3’1 per cent. All the coal-fields of Ihmgal participated in 
the reduction, except the little Kajinahal field, which increased 
its output from 333 to 1,900 tons, but the Jherria field still heads 
the list, with an output of 5,832,672 tons, and accounts for 
practically half of the Indian total. A new field, the Ramgarh- 
Bokaro, in Chota Nagpur, one of the outlying fields surveyed 
many years ago by the late Mr. T. W. II. Hughes, is now being 
opened up and figures for the first time in these returns. In the 
Central Provinces the recently opened Bellarpur field has increased 
its output by 88 per cent., and there has also been an increase 
of nearly 26 per cent, at Mohpani, but the Pench Valley field 
shows some falling off. 
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Table 4. — Origin of Indian Coal raised during 1908 and 1909. 


1 

i 

Average of 
preceding 
iivo years. 

. 1908. 

1909. 

From Gondwana conl-fiold^. 

From Tertiary coal-fields .... 

Tons. 

9,1148,707 

418,22(1 

Tons. 

12,373,018 

396,617 

Tons. 

11,403,299 

400,765 

TOTAL 


I2)7(»,«35 

11,870,064 


Tablk Ty.-- Output of Gondwana Coal-fields for the years 1908 and 

1909. 


1008. j 1000. 

.1 


! 

(>.»AL*FIELDS. 

Tons. 

Per cent, 
of 

Indian loiul. 

Tons. 

Per cent, 
of 

Indian total. 

Bengal--- 


I 



Paltongaiij . 

90,391 

•70 

84,290 

'71 

(firidih .... 

782,703 

0*13 

704,593 

5*93 

.Therria .... 

6,458,643 

.50-68 

5.832,072 

49- 14 

Rajmahal 

333 

, . 

J.900 

^ -04 

Kamgarh-Bokaro . 

.. 


2,544 


Koniganj 

4,221,781 

33 06 

j 

4,034,812 

33 99 

Central India — 

TJmaria 

1 

155,107 

! 

1-22 

121,490 

102 

Central Promnccs — 




1 

Bcllarpur 

45,299 

•3.5 

85,237 

•72 

Pencil Valley . 

120,249 

•!H 1 

92,190 

*77 

Mohpani . . i 

48,241 

•38 

00,007 

•61 

Hydernhnd — 

Singareni 

444,211 

3-48 

442,892 

3-74 

TOTAL 

12373,018 

96-90 

11,463,299 

96-57 


The Tertiary coal-fields call for no special remark except in 


Tertiary coal-fields. 


the case of the Salt Range collieries, where 
there has been a decided falling off, especially 


in the Shahpur field. This is only what might have been expected 
in view of the unscientific methods by which the deposits are 
worked. So long as mere grubbing at the outcrop is practised, each 
hole being abandoned, either as soon as the coal catches fire, 
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which it is very apt to do spontaneously in shallow workings on 
account of the exposure to the atmosphere of the pyrites associated 
with it, or from other difficulties, there is no prospect of the 
industry being placed on a sound footing. The seam, which is 
very variable in thickness, has so far only been worked along the 
southern scarp of the Range, and no attempt has been made to 
ascertain whether it extends beneath the linxestone of the plateau 
to the north of the scarp, where it is quite possible that large 
stores of coal are concealed. Its existence can only be proved by 
boring, and a scheme is now being discussed for a thorough ex- 
ploration of the plateau by this means. 

The fluctuations in the output of these Tertiary coal-fields 
is due partly to the generally inferior character of the coal as com- 
pared with Gondwana coal, except perhaps in the case of Assam, 
and partly to the fact that it is mainly raised for local purposes 
only, and has no large or well established market. This is especially 
the case in Bikainr, where much difficulty has been experienced 
in utilising the coal on the railways. 


Table (5 . — Output of Tertianj Coal' fields for the years 1908 and 1909. 



1908. 

1909. 

Coal-fields. 

Tons. 

1 Per cent, 
of 

Indian total. 

Tons. 

Per cent, 
of 

Indian total. 

Baiuckialan — 

Khost .... 
»Sor Range, Mauh, etc. 

:n,547 

•25 

•10 

40,2:17 

12,212 

•34 

•10 

tJaalern Bengal aivd Asmm — ! 

Makum . . i 

275,224 

2* 15 

305.r>0:i 

2*67 

Norih West Frontier Fromice — 
Hazara .... 



m 

1 

Pun jab {Sail Ramje ) — 

Jhelum District 

Miaiiwali . . 

Shahpur 

41,407 

702 

i2,o8r, 

I 

'r -43 

1 

1 

J 

34,135 

45 

3,028 

f -32 

1 

J 

Bajpufam — 

Bikanir 

21,297 

17 

1 

11,449 

•iO 

TOTAL 

!’ ' ' 

396,617 

I 

3*10 

406,765 
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There was a slight further drop in the exports of Indian coal 

and coke during the period under review, 
exports and Imports, £382,369, in 1908, 

to 563,940 tons, valued at £338,395, in 1909. The destination of this 
coal is shown in Table 7. 


Table 7 . — Exports of Indian Coal. 


Aden . 

Coylou . 

Straits Settlements 
Sumatra 
E/kst Africa . 
Other countries 

Coke . 


TOTAL 


TOTAL of Coal and Coke 


Tons. 

11,224 j 
424,060 j 

108,608 i 

«7,484 I 

i 

l:>,440 I 

657,474 I 

2,1a) 

659,594 


Tons. 

;j,460 

312,607 

128,371 

79,394 

38,822 

562,554 

1,386 

563,940 


The imports of coal and coke during the same period are 
shown in Table 8. Tliese do not seem to have been afFected by 
the over-production of previous years, but show a distinct rise 
except in the case of Australia, where the output was restricted 
owing to labour troubles. 

The total consumption of coal, coke and patent fuel m India 
amounted to 11,796,545 tons in 1909 as against 
Consumption of coal. 12,515,614 tons in 1908, but the ratio of the 

quantity of coal consumed with respect to the total Indian pro- 
duction rose from 94*8 to 95*3 per cent. The quantity of coal 
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Tx\ble 8. — Imports of Coal, Coke and Patent Fuel during 1908 and 

1909. 


— 

1908. 

- - - 

1900. 

From AxiKtralia (including New Zcnlnnd) .... 

Tons. 

129,090 

Ton.s. 

54,792 

Japan 

2,9C)0 

11,41.3 

NfiUil 

71,831 

91,007 

Uni l ed Kingdom 

150,233 

290,719 

Otlicr countries ........ 

7,350 

21,057 

TOTAL 

368,073 

469,888 

Coke 

17,241 

1 14, 077 

Pal on t fuel 

9 

1 0,450 

tiovornniont Stores ....... 

0,198 

1 29,i;«7 

TOTAL 

391,521 

! 519,9889. 


coiisuTiied on Indian railways rose from 3,(583,727 tons in 1908 to 
3,7()5,314 tons in 1909, of wliich 3,689,093 tons w^cro raised in 
India. This represents 31 per’ cent, of the total productioti of 
Indian coal as against 28-2 per cent, in 1908. The percentage of 
foreign coal consumed on the railways remained the same, viz., 
about 2 per cent. 

The statistics of labour in the Indian coal-fields were fully 
iliscusscd in the (iiuuquennial Review’ for 
1904 — 1908, and a brief notice therefore is all 
that is necessary here. The output of coal per person employed 
showed little change, being 99-3 tons for the total number, and 
153 tons for each person employed below ground. Table 9 gives 
the number of persons employed in coal mining in each province, 
the deatJi-rate and the output of coal for each person killed by 
accident. There was a decided drop in the number of accidents 
from 178 in 1908 to 128 in 1909, and a reduction from 1-37 to 107, 
in the rate per thousand persons employed. 
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Table 9. — Average number of Persons employed daily in the Indian CoaU 
fields during 1908 and 1909. 



No. of persons 
employed daily. 

OuteiA 
'per per- 
son em- 
ployed. 

No. of 
deaths 
by acci- 
dent. 

Death- 
rate per 

hooo 

persons 

employ- 

ed. 

Tons of 
coal 
raised 
per per- 
son 
killed. 


1008. 

1900. 


. 1909. 





Tons. 




Baluchistan .... 

1,009 

1,105 

47 6 

3 

27 

17,483 

Bengal . . . . 

M2,2I9 

102,263 

1043 

100 

097 

10,660 

Central India 

1.702 

1,505 

80-7 

1 

0-66 

121,496 

Central Provinces . 

2,000 

2,911 

srs 

2 

0'68 

119,050 

Eastern Bengal and Assam 

1,709 

1,795 

17V3 

12 

6'69 

25,463 

Hyderabad .... 

7,047 

8,617 

520 

8 

094 

.56,361 

N. W. Frontier Province 

u 

4 

24^0 

. . 

. . 

*. 

Punjab . . . . 

2,196 

1,223 

304 

o 

ro3 

8,604 

Rajputana .... 

267 

233 

491 

•• 

• • 

• • 

TOTAL 

Average 

129,173 i 

1 

riipiST 

•• 

IzF 

• • 

•• 

1 

. . , 

993 

! 1 

V07 

92.734 


Diamoads. 

There was little change reported in the output of diamonds 
in 1909, the total productions being 147*35 carats, valued at £1,089, 
as against 140*76 carats, valued at £940, in 1908. But whereas in 
previous years the whole of the supply (lame from the Central 
Indian States, these have only produced 35*98 carats in the year 
under report, the balance of 111*37 carats having been obtained 
at Banaganpilli in the Karnul District, Madras Presidency, a dia- 
mantiferous locality reported on by Dr. W. King in 1872 {Mem. 
G. S. I., Vol. VIII, p. 96, seq.). On the other hand the value of 
the small output from Central India is very much higher than that 
from Madras, the few stones found accounting for £1,042, while the 
much larger quantity from Banaganpilli is valued at only £47. 
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The average number of persons employed daily in this industry 
, . is reported as 588 in Central India and 482 

in Madras. 


Gold. 

There was again a rise in the production of gold in India as 
shown in Table 10, but it has not yet reached the level of the 
early years of the last quinquennial period. The principal ad- 
vance took place in Mysore, where production had been stationary 
for the two previous years ; and there was an increased output in 
Burma, where the gold is obtained by dredging in the Irrawaddy 
at Myitkyina. All the other gold producing districts, however, 
show a falling off, and none appears to have been obtained in the 
Central Provinces, the production from which has been roughly 
estimated to amount to 150 ozs. annually for the previous five years. 


Table 10. — Quantity and Value of Gold produced in India during 1908 

and 1909. 



! 

11K)8. 

1909. 

Average 
No. of 

Provincp. 

i 

1 Quantity. 

Value, 

Quiintity. 

Value. 

persons 

employed 

daily. 

Bombay — 

Dharwar 

i Ounces. 

. 1 7,242 

£ 

27,158 

OunccR. 

.5,010 

£ 

21,331 

1,750 

Burma - 
Myitkyina 

Katha and Pakokku 

7,9r)0 

. , I50(f/) 

SOfWO 

600 

3.44.5 

44 

.12,730 

135 

1 209 

Hyderabad 

10,437 

62,550 

15,241 

57,416 

'2,220 

Jammu and Kashmir . 

Mysore 

. i .535,053 

\ 

2,055,667 

4 

545,309 

15 

2,092,605 

Not report- 
ed. 

Do. 

Punjab 

195 

\ 759 i 

154 

621 

329 

United Provings 

• i 3 

13 

3 

13 

Not report- 
ed. 

TOTAL 

. ' 567^ 1 

2,177,247 

574,816 

2,204,866 

1 i 

•• 


(a) Hough avorage esUmate. 
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Qraphite. 

The production of graphite in Travancore State, whence the 
whole of the Indian output is derived, was slightly higher than in 
1908, being 3,132 tons as against 2,873 tons in the former year. 
The value, however, shows a considerable falling off, being £12,529 
in 1909 as compared with £14,365 in 1908. The average number 
of persons employed daily at the Travancore mines was 763 in 1909. 


Iron-ore. 

Thcj-e was a considerable advance in the quantity of iron-ore 
raised in India during 1909, from 72,300 tons, valued at £15,149, 
in 1908, to 83,456 tons, valued at £16,563. Of the total amount, 
Bengal produced 72,711 tons and Burma 7,480 tons. There had 
been a considerable increase in the number of native furnaces work- 
ed in the Central Provinces between the years 1905 and 1908, the 
total rising fro'ii 276 to 626, which seems to indicate that the 
native smelters were making a strenuous effort to compete with 
imported iron, but in the year under review the number fell to 
459. The shrinkage is attributed to the higher cost of labour and 
of working the furnaces, the payment of heavy royalties for fuel, 
and the competition of imported iron, though the local product is 
said to be superior for certain purposes. 


Jadeite. 

The quantity of jadeite exported from Rangoon in 1908-09, 
viz., 4,088 cwt., valued at £84,450, was practically the same as in 
1907-08, but the price of the mineral rose from £18-59 per cwt. 
to £20-66 per cwt. The returns from the Myitkyina District, where 
the jadeite mines arc situated, show that the quantity extracted in 
1909 was only 2,487 cwt., valued at £14,892, or £6 per cwt., in spite 
of the fact that the right to collect the royalty was sold for a higher 
sum than before. The figures furnished by the licensee are probably 
not reliable. 


Magnesite. 

Only 737 tons of magnesite, valued atj£196, were mined in the 
Salem District, Madras, as compared with 7,534 tons, valued at 
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£2,009, produced in 1908. The output of this mineral has been 
subject to severe fluctuations since the industry was started in 1902, 
having fallen as low as 186 tons in 1907, probably because a secure 
market has not yet been found. 

Manganese-ore. 

The returns of the production of manganese-ore are shown in 
Table 11. Four of the provinces show a decrease in output, but 
this is partially balanced by the rise in Bengal, due to the further 
opening up of the deposits in the Gangpiir State, and in Madras, where 
extensive deposits are being worked in the Sandur State. Table 
12 gives the production in the districts of the Central Provinces. 

The exports of manganese -ore amounted to 467,276 tons as against 

427,454 tons in the previous year. 

Exports. ^ 

The returns for labour employed in the manganese, industry are 
^ not coiu])letc. In the (Vjitral Provinces the 

average number of persons employed daily is 
reported to be 10,947 ; in Madras 5,451 ; and in Bombay 651. 


Tv\BLEn . — Output of MarK/nnesc-ore for the years 1908 and 1909. 


Phovinc i:. 


Bengal . 

Bonib.ay 

Oril ral Jiiclla 

( -c‘ntral Provinces 

Ma(Jras 

Mysore 


J908. 1 

i\m. 

... Value. 

1 

Qiianlity. 

Value. 

{^0 

Tons. 1 r 

Tons. 

£ 

20,000 : ; ( 

'' .'>r>,(hO 

t 

1 

2 : 1 , 2:12 1 


1 

1 , 

].‘i,:iir» 1 

, 10,224 

1 

' 1 49S.209 ^ 


> mjss 

i j ■ 

:^8 1.28,1 

i 

1 

1 18,0S0 1 ; 

i:i8,.l,64 

i! 

«8,624j . 

^ ;1U,8»6 

ij 


TOTAL 


674;x|5 , 


042,076 j 


(a) Represents the value of exports only {vide Table 1). 
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Table 12 . — OutjnU of Marajanese-ore in the Central Provinces during 


1908 and 1909. 



District. 


1908. 

1909. 





Tons. 

i 

Tons. 

Balaghat 


. 


13)5,487 

1 

134,577 

Bhandara 




110,«73 

110,850 

Chhindwara . 




49,008 

17,404 

Jabalpur 



. 

^8 

•• 

Nuf^pur 





118,388 




TOTAL 

43L055 

381,285 


Mica. 

The pro<la(3tion of mica in India during 1909 shows a consider- 
able falling off, which has affected each of the three producing prov- 
inces, as shown in Table 13. 


Table 13. — Production of Mica in 1908 and 1909. 


1 

Province. 

Aiierage of 
prereding 
jive ymrif. 

1908. 

1900. 



j 

(Vt. 

Cwt. 

Cwt. 

Bcngsl 

. 

i 

2:iS)24 

30,000 

22,084 

Madras 

. 

i 

’ . ■ • i 

. V2M1 

11,249 

8,948 

Rnjpiilana 

. 


! 4M4 

0,234 

1,871 



i 

TOTAL . j 

1 

41210 1 

1 

53,543 

32.903 


Ten thousand one hundred and seven persons are returned as having 
been employed daily in the industry, as against 16,277 in 1908. 

There was a rise in the exports of mica, from 27,672 cwt., 
valued at £139,613, in 1908, to 32,640 cwt., 
valued at £166,199, in 1909, 


Ejtporfs. 
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Petroleum. 

The output of petroleum in 1909 again surpassed all previous 
records, amounting to 233,678,087 gallons, an increase of 32 per 

cent, on the previous year. Practically the whole of the increased 
yield was due to greater activity in the Yenangyaung field in Upper 
Burma, as shown in Table 14, all the other producing districts in 
that province showing a decrease. In the case of the Yenangyat, 

Singu and Kyaukphyu fields this is said to be due to the gradual 

exhaustion of the oil sands, and in Akyab to the cancellation of one of 
the oil leases. No oil was produced in Thayctmyo during the year. 

The exhaustion of the larger fields of Yenangyat and Singu is 
a serious matter, for it has concentrated attention on the much 
smaller, but as yet more productive field of Yenangyaung, where 
the output increased by 34 per cent, ; and it is only a question 

of time, and that probably not very long, until this field also be- 
comes unable to withstand the enormous drain now made upon it. 
In the mean tin' c strenuous eiTorts are being made to discover other 
productive oil-fields by prospecting, but so far without complete success. 

The output of the Assam oil-field shows only a slight increase, 
no new productive wells having been discovered in spite of active 
])rospecting. 


Tahle li.~-Prodvclion of Pelrolmm durhm 190S and WOO. 


! 



Average of 
previous 

\ five years. 

: 

1008. 

inoo. 

Burma — 

Gallons. 

Gallons. 

Gallons. 

Akycab ..... 

40,101 

30,067 

24,738 

Kyaukphyu .... 

69.972 

40,372 

30,064 

Magwe (Yenangyaung) 

93, 850,612 

1 23, 7!i 8,630 

187,043,800 

Myiiigyan (Singu) 

. 3fU630,96ki 

43,048.948 

37,169,061 

Pakokku (Yenangyat). 

. 13.004.562 

1 0,472,545 

6,119.934 

Tliayelniyo .... 

Eastern Bengal and Assam — 

552 1 

1 028 

Nil 

Digboi ..... 

2,923,350 

3,243,110 

3,28>,7,70 

Punjab 

. 1 1,089 

420 

720 

TOTAL 

i 

. : 146,607,210 

1 

176,64M20 

233,678,087 
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Exports and Imports. 


The exports of petroleum during the year declined by over 50 
per cent., the quantity being 2,265,649 gallons, 
valued at £28,653, compared with 5,729,114 
gallons, valued at £38,304 in 1908. On the other hand there was a 
considerable rise in the exports of paraffin wax, the figures being 
144,697 ewt., valued at £225,139, against 83,572 cwt., valued at 
£137,288 in 1908. 

The imports of kerosine oil showed a reduction of 10 million 
gallons as compared with those of the previous year. Table 15 
gives the sources of the oil imported. 


Table 15 . — Imports of Kerosine Oil durincf 1908 and 1909. 


C(U;\THV fJFORTCIV. 

1008. 

um. 


dal Iona. 

dal Iona. 

Roi'iu'o ........ 

8,17!»,8'i8 

0,070, 70(> 

.notniumiji 

£0,tK)7,li8r) 

.3.010,032 

Ilus«iii .... ..... 

4,ir)t>,ti!H) 

7,207,322 

Straits Sot tic mni Is ....... 

7,8S0,t)01 

1 8.128,078 

Sunialra 

8,181,040 

4,740,131 

Ignited States of America ...... 

31,4:n,505 

39,.')47,072 

Other donut lies ........ 

041) 

448 

TOTAL 

80,747,014 

70,514,379 


rhe returns for labour on the oil-fields arc not complete, but 
an average number of 3,571 persons is reported 
Labour. having been employed daily on the Burmese 

fields. 

Ruby, Sapphire and Spinel. 

The whole of the output of ruby, sapphire and spinel reported 
for 1909 was derived fro.n the Burma Ruby Mines of Mogok, work 
at the Kashmir sapphire mines having been abandoned in 1908. 
The production of the Mogok mines was 206,384 carats of rubies, 
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13,467 carats of sapphires, and 39,46:3 carats of spinel, or a total 
of 258,304 carats, valiied at £68,649, against 281,014 carats, valued 
at £83,505 in 1908. One thousand three hundred and eighty-five 
persons were employed on an average daily at the mines as com- 
pared with 1,140 in 1908. 


Salt. 

The production of salt during the year 1909 was somewhat less 
than in 1908, but is slightly higher than the average of the preced- 
ing five years. Table 16 shows the output for each province, and 
Table 17 the production of rock-salt in Northern India. The imports 
of foreign salt amounted to 460,639 tons coitipared with 137,887 
tons in the preceding year. 


Table 16 . — Provincial Production of Salt jor the yeara 1908 and 1909, 


Provixcb. 

Average of 
previous 
five years. 

im. 

1909. 


IV'iis. 

Tons. 

Tons. 

Aden 


88.324 

(16,535 

Bengal 

io 

48 

34 

Boml>ay and Sind ..... 

lr3IA00 

+7J,:i02 

443,707 

Burma 

27,113 

31.33ii 


Gwalior State 

207 

437 

183 

Madras 

389,317 

435,120 

309,583 

Northern India ..... 

319,911 

34], 001 

408,()I2 

TOTAL 

1,219,781 

\ 

1,368,26} 

l,255,S98 


V 2 
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Table VJ .—Production of Rock-Salt during 1908 and 1909. 


Mines. 


■ Average of 
previcii^h 
! five years. 

1908. 

1909. 



1 Tons. 

Tons. 

Tons. 

Salt Range 


. j 100,839 

93,774 

126,987 

Koliat . . . > 

• 

. \ 16,655 • 

10,049 

15,876 

Mandi State 

• 

.1,915 

3,954 

3.857 


TOTAL 

. ; li0,439 

113,777 

146,719 


Saltpetre. 

The quantity of saltpetre exported during 1909 was somewhat 
above the average for the preceding five years, being 404,946 cwt., 
valued at £296,838, against 358,939 cwt., valued at £265,135. The 
destination of the saltpetre exported is shown in Table 18. 


Table 18. — Disfribidinn, of Saltpetre exported during 190S and 1909. 



1908. 

1909. 

Kxpoktki) to 

Quantity, 

VaJtie. 

Quantity. 

Valne. 


Cwt. 

£ 

Cwl. 

£ 

China 

135,396 

96,950 

133, .182 

92,735 

France .... 

14,065 

9,866 

28,530 

19,624 

ITnited Kingdom . 

96,181 

1 70,049 

81,503 

\ 57,321 

United States of America 

77,632 

70,279 

84,096 

73,296 

Other Count rie.« 

62,922 

! 45,614 

1 

77,435 

53,862 

i 

TOTAL 

386,199 

; 292.758 

404,946 

1 

1 296,8-18 

\ 
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Silver-lead ore. 

With the completion by the Burma Mines, Ltd., of the railway to 
the silver-lead mines of Bawdwin in the Nortliern Shan States of 
Burma towards the clase of J908, and the erection of smelters at 
Mandalay, this industry has been placed on a sound footing, and 
both lead and silver are now being i*egularly shipped from Rangoon, 
while the statistics of production of the ore, which is now mined on 
a large scale in the Shan States for ii'ixing with the refractory 
lead slags from Bawdwin, are now being irore carefully compiled 
than before. Another source of supply, recently developed, is 
Mount Pima in the Yamcthin District, the ore from which, after 
concentration, is sold for sir citing to the Burma Mines, Ltd. The 
production of these ores is shown in Table 19. 

The imjiorts of lead during 1999 amounted to 6,872 tons, worth 
£128,036, as compared with 6,809 tons, worth 
£131,549 in 1908. Of this amount 3,134 tons 
in 1909, against 2,973 tons in 1908, were imported in the fonn of 
sh»'.et lead for packing tea. 


Table 19 . — Production of Silver-lead ore in Burma datimj 1909. 



BiTLMuK SMlPlMOi) T(i 



London. 

A moun t 

District. 

Quantity. 

realised by 



jsnle of 


LcfUl. Silver. 

bnllim. 


Tons. Tons. Ounces. 

£ 

Maiidal.ty . . 

2 1 


N. Shan Stales — 



Bawflwin .... 

485(rt) 


Nuniun .... 

5,030 27.600 

68,100 

S. Shan States 

90 


Yamethin— 



Mount Pima 

‘>,403-5 J 


TOTAL 

8.928'5 , 5,030 27.500 

6s,m 

(fl) In addition 11,850 tons rf lead slag weiti transported from Bawdwin to tie 

smelters at Mandalay. 
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Tin-ore. 

Tlio amount of tin o.vc produced iu Burma was less tlian in the 
previous year, being 1 ,6('5 cwts. from Mergui and 7 cwts. from 
Tavoy, against 1,876 and 80 cwts. nsspectively in 1908. The figures 
show no material change, the average output of the preceding 
five years having been l,(i8.5 cwts. One hundred persons arc returned 
as having been employed daily on the average in the two districts. 

The imports of block tin in 1909 amoitnted to 37,477 cwt., 
, valued at £283,898, against 38,383 cwt., valued 

at £291,465 in 1908. 


III.— MINERALS OF GROUP II. 


The following notes deal with those minerals for which the 
returns are admittedly not complete, or are only approximately 
estimated. 


The output of alum in the Mianwali District, Punjab, was more 
than doubled, 4,629 cwt, having been produced 
in 1909, valued at £1,995, as compared with 
2,204 cwt., valued at £1,000, in the ])reviou8 year. This amount, 
however, was below the average of the preceding five years, the 
industry being subject to considerable fluctuations. The imports 
of alum were also higher, 74,419 cwt. in 1909, and 70,IJ48 cwt. in 
1908. 


Only SI cwt. of amber are returned as having been mined in 


Amber. 


the Myitkyina District in Upper Jlurma, as 
(‘ompared with an average for the preceding 
live years of 104 cwt. The value is returned as £287. In 1908 
the output was 49 cwt., worth £364. 

No antimony ore is returned as having been obtained during 
1909 from the mine at the Shigri glacier in 
Lahaul, referred to in the Quinquennial Re- 
view. A small quantity, 2^ tons, worth £1 a ton, is said to have 
been Tiiined in the S. Shan States. 


Antimony. 


In the Jubbulpore district, Central Provinces, 32 tons of bauxite 
were extracted, valued at £12. 


Bauxite. 
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The quantity of borax exported from India during 1909 was 
Borax 5,073 cwt., valued at £6,474, as compared with 

an average of 4,959 cwt., valued at £6,568, for 
the preceding five years. None of the borax exported is produced 
in British India, but is brought across the frontier from Tibet. 

The most coirplete returns for building materials are received 

„ , , . from Burma. The enormous rise shown in 

Building materials. ^ x . ..i 4. x 

the iMiturns for that province with respect to 

granite and gneiss is due to the opening of large quarries in the 
Thaton District for the supply of stone to Rangoon, where exten- 
sive training works are in progress for the improvement of the 
port, and for use as road metal in place of tlie Deccan Trap 
formerly imported from Gornbay. The Trap rock quarried in the 
Bassein and Ruliy IVlines Districts and most of the sandstone ex- 
tracted is also used for n etalling roads. The returns received from 
the various provinces are shown in Table 20. 

The cpiantity of stone and marble imported during 1909 was 
12,988 tons, against 13,214 tons in 1908. Bricks and tiles to the 
value of £79,871, were also imported, as well as 104,548 tons of 
cement, valued at £270,425. 


Copper. 


Returns were received only from Burma and the Central Pro- 
vinces. Ill Burma the amount of clay extracted 
Clays. . . 

was 1,123,347 tons, mainly for brick making, 

valued at £39,322. In tlie Central Provinces 10,214 tons of clay, 
worth £319, were extracted and 97 tons of Fuller’s Earth, worth 
£32, used in the manufacture of pottery. 

Active pros])ectiiig operations for co])])er ores are still proceeding 
in Singhbhum and Sikkim, but the concerns 
have not yet reached the producing stage. Seven 
tons of copper ore are returned as having been raised in Singh- 
bhiim during the year, but the value is not given. 

The output of corundum in the Rewah State is reported as 
only 19 tons, valued at £103, against 36*3 tons 
in 1908. A small quantity, valued at £6, was 
also raised in Hyderabad. 

. The garnets mined in the Kishengarh State in Rajputana amount- 
Qarnet cwt., valued at £2,884, in 1909. a 

considerable advance on the figures for 1908. 
In Ajmere only 9 cwt. were produced, valued ai £97, against 32 
cwt., worth £168, in 1908. 


Coruodum. 



Table 20-~Prod>(ctiov of BuiUiwj Materials in India during 1909 


144 . 



(ff) From the Makraria quarric= in Jocllipur State. 
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The toumialine raining industry in Upper Burma is practically 
extinct. In the N. Shan States seven stones are 
ourma ne. reported to have been found, valued at £26. 
The yellow ochre mine at Jaiili, in the Jubbulpore District, be- 
longing to Messrs. Olpherts & Co., was not 
worked during the year. In Central India 14 
tons of red ochre, valued at £3, are said to have been extracted. 

Tlie output at the steatite mines near the Marble Rocks in Jub- 
bulpore, opened by Messrs. P. C. Dutt and 
Burn & Co. in 1907, was 564 tons, valued at 
£769, against 764 tons, valued at £1,019, in 1908. In Burma 4 
tons were extracted in the Pakokku Hill Tracts and 14 tons in the^ 
Miiibu District, the total value being returned as £477. A small 
quantity, valued at £11, was also obtained in Hyderabad. 

The oiit])at of wolfram at Agargaon in the Nagpur District was 
1 cwt., and in Mergui in Lower Burma, where 
it is found associated with tluj tin ore in allu- 
vial deposits, 140 cwt. Tim value of the mineral is not reported. 


Ochres. 


Steatite. 
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IV.— STATEMENT OF MINERAL CONCESSIONS GRANTED DURING 1909. 

HALU(ill.STAN. 


b'sriiKTt 

1 

! 

(iruiitiM'. Miiieml, 


Nature of 
grant. 

! 

! Area in aercs. 
i 

Date of 
commence* 
liient. 

Tern.. 

Kalat . 

(1) IDii Saliib Ko<!liJiraiii ' CiwI . 

(fc JSons, AI)l)otUil)!ul. 


i‘. L. 

41)u' 

30tli April 
1909. 

1 year, 

D.». . 

(X) Sirdar liahawal Khan Do. . 

Salik Za:. 


M. L. 

100 

1st J uly 1909 

30 years. 

Qiirltii* 

risliiii. 

(;i) Habu Karam Siiigli, ! UhroiniU! . 
Agent of Mr. C. U. 

Lindsey. ' 


M. L. 

80 

Isl July 1908 

Do. 

Jju. 

(4) Do. do. . Do. 


M. L. 

80 

Do. 

Do. 

Do. 

( 0 ) Do. do. . 1 Do. 


M. L. 

80 

Do. 

Do. 

1)0. 

(«) Mr. W. C. dements . i Do. 


M. L. 

; bo 

IsL July 1909 

Do. 

Do. 

(7) Mr. Ji. (1. K(»loy . dwl . 


M. L. 

! 290 

1st July 1908 

Do. 

Do. 

(8) Do. do. . Do. . 


P.L. 

8,900 

Otli May 1909 

1 year. 

Do. 

(!)) Messrs. Alibhoy iSi i Do. . 

Dros. 


M. 

80 

1st January 
1909. 

30 year.'. 

Do. 

(10) Mi'sars. K. (1. Foley, Do. . 

W. C. dements and : 

(Joloiiel A. 0. Ncm'- ' 
eoiueii. 

1 


P. L. 

3,810 

■ 

21st July 

1909. 

1 year. 

Sibi 

1 

’ (SI) Colonel A. (JleadoMe ; Do. . 
Newcomen, Mr. li. Ci. ■ 

Foley and Mr. W. C. | 

Clements. 


M. 1. 

1 

' 100 

^ 1st July 1909 

30 years. 

Do. 

(l*.i) Do. do. . Do. . 


M. L. 

JOO 

Do. . : 

Do. 

Do. 

(l;l) Do. do. . Do. . 


M. L. 

lOO 

Do. 

Do. 

Do. 

lU) Do. do. . ; Do. . 


M. L. 

10(1 

Do. 

Do 

Do* . . ; 

(I'l) Do. do. . Do. . 


M. L. 

100 

Do. . 1 

Do. 

Do. 

(lb) Do. do. . ; Do. . 


, M.L. 

100 1 

Du. 

Do. 

Do. 

(17) Do. do. . Do. . 


M. L. 

100 

Do. . ! 

Do. 

Do. 

(18) Do. do. . Du. . 


' M.L. 

160 ' 

Do. . j 

Do. 

Do. . 

(19) Do. do. . Do. . 


M. L. 

100 

Do. 

Do. 

Do. . . 1 

i (20) Do. do. . Do. . 


M.L. 

160 ; 

; Do. . ; 

Do. 

Do. 

(21) Do. do. . ; Do. . 


; M. L. 

160 i 

! Do. . ! 

Do. 

Do. 

; (22) Do. do. . : Do. . 


• M. L. 

160 

Do. . 1 

Do. 

Do. 

: (23) Do. do. . Do. . 


M. L. 

160 

Do. . 1 

Do. 

Do. 

i (24) 1)0. do. . Do. . 


M. L. 

; 160 

Do. 

i 

Do. 


E. L. denotvii lixploriug Licciisu ; IM., rrospociitig License ; und M.L., Mining Lcusc. 
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BALUCHISTAN- mid 


JMSTKICT. 

(irauti'f). 

Mineral. 

Nature of 
grant. 

Area in uck'S. 

Date of 
coiitniencc* 
nieiit. 

Tcrtii. 





■ , 





Sibl . . (25) A. t»l(;adow<* ; 

Newi'imicii, Mr. H. G. 

; Koley ami Mr. W. C. 
CUMilOlltH. 

Coal . 


M. L. 

DiO 

Lst July 1000 

30 year?. 

Do. 

2tt) Do. do. . 

Do. . 


M. L. 

10(1 

Do. 

Do. 

Do. . . ' 

(2T) K-liiiii Bahadur 
Biirjorjo^ D. Patel, : 
t:.I.K. ; 

Do. . 


1*. L. 

J,280 

2ud July 

lOUO. 

1 year. 

Zhob . . ; (28) Babii Karaiii Siu(j(h, 

of Mr. C. il. 
•LiudHcy. ' 

Chromite 


M. L. 

■SI) 

1st .July loos 

::o Viar®, 

Do. . . ; 

(20) The Biiluehistau ' 
Mining Syndicate. 

Do. 


M.L. 

SI) 

Do. 

Do. 

Do. 

{:«}) Do. do. . 

Do. 


M. L. 

so 

Do. 

Do. 

Do. . 

(01) Balm Karam Singh, 
Agent of Mr. C. U. 
Lindsey. 

Do. 


M. L. 

so 

Do, 

D-. 

Do. . 

(02) Mr. \Y. C. Clements 

Do. 


M. L. 

so 

M July 1000 

Do, 

Do. . 

(;j:i) Do. do. . 

Do. 


M. L. 

80 

Do. 

Do. 

Do. . 

(04) Do. do. . 

Do. 


M. L. 

SO 

Do. 

Do. 

J)o. . 

(3.)) Baluchistuu Mining 
Syndicate. 

Do. 


M.L. 

SI) 

Jst July J008 

Do. 

Do, . 

(.‘hi) Do. do. . 

Do. 


.M. L. 

100 

Do. 

Do. 

Do. , 

(37) D(». do. . 

Do. 


M. J,. 

so 

Do. 

Da 

Do. 

CIS) Do. do. . 

Do. 


M. L. 

so 

Do. 

Do. 

Do. 

(:!y) Do. do. . 

Do. 


M. L. 

.so 

Do. 

Do. 

Do. . 

(4(1) ix.. d-. . 

Do. 


M. L. 

Si) 

Do. 

Do. 

Do. . 

<41) Do. do. . 

Do. 


M.L. 

240 

Do. 

Do. 

Do. 

(42) Do. «lo. . 

1)0. 


M. 1,. 

240 

Do. 

Do. 

Do. . 

(43) Do. do. . 

Do. 


M. L. 

r.i2 

Do. 

Do. 

Do. . . ; 

(44) Do. do. . 

Do. 


M. L. 

80 

Do. 

Do. 

Do. . 

(45) Bat»ii Xaram Singh, 
Agent of Mr. C. U. 
Lindsey. 

D.*. 


M. I.. 

80 

Do. 

Do. 

Do. . . ; 

(40) Do. do. . 

Do. 


M.L. 

.SO 

Do. 

Do. 

Do. . . j 

(47) The Balucliistau 
Mining SyndicuUs 

Do. 

1 

M. L. 

i 

SO 

Do. 

Do. 

Do. 

(48) Do. do. . 

Do. 


: M. L. 

80 

Do. 

Do. 

Do. . 

(49) Do. do. . 

Do. 


I M. L. 

240 

Do. 

Do. 

Do. . 

(50) Do. do. . 

De. 


1 M. L . 

214 

Do. 

i Do. 

Do. . 

(51) Babu Kariiin Singh, 

! Agent of Mr. C. R. 

1 Lindsey. 

Do. 


i M. L. 

1 

1 

SO 

Do. 

j Do. 

1 

1 


£. L. denotes E.\i)loring License ; 

V. L., rrospccting License ; and M. L., Mining Leubc. 
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BALUCHlSTAN-co«<rf. 


DibiruicT. 

Grantee. 

I 

Mincial. 

Nature ol 
! grant. 

Area in acres. 

Date of 
coimnencu* 
Dient. 

Term. 

Zhol) 


(f)2) ]Ja))U J 
Agent ot 
tindsey. 

arain Singh. 
Mr. 1'. n. 

! Glironiite . 

M. L. 

m 

1st July 1008 

30 years. 

1)0. 


; (53) The Italiiehisiau 

Milling Syndicate. 

Ihi. 

M. L. 

80 

Do. 

Do. 

Do. 


(51) Do. 

do. . 

Do. 

M.I.. . 

80 

, 

Do. 

Do 

Do. 


(5.5) Do. 

do. . 

D<i. 

M. L. 

80 

Do. 

Do. 

Do. 


: (5<)) Uahii Kill aim Singh, 
Agent of Mr. C. K. 
liindsey. 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


: (57) Do. 

do. . 

Dll. 

M. L. 

80 

Do. 

Do. 

Do. 


' (58) Do. 

ihi. . 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


(5(1) Do. 

do. . 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


(80) 1)0. 

do. . 

Do. 

M. L. 

SO 

Do. 

Do. 

Do. 


(01) fiulnehistan Mining 
.Syndicate. 

l>o. 

M. L. 

80 

Do. 

Do. 

1)0. 

* f 

(H2) Babu Karani Singh, 
Agent, of Mr. C. K. 
Lindsey. 

Do. 

M. L. 

80 

1)0. 

Do. 

Do. 

% • 

(63) Do. 

do. . 

Do. 

M. L, 

80 

Do. 

Do. 

Do. 

» i 

(64) Do. 

do. . 

Do. . . 

M. L. 

80 

Do. 

Do. 

Do. 


(65) 1)0. 

do. . 

Du. 

M. L. 

1 80 

Do. 

Do. 

Do. 


(66) Do. 

do. . 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


(67) Do. 

do. . 

1)0. 

M. 1. 

J60 

Do. 

Do. 

Da 


(68) 1)0. 

Uo. . 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


(60) Do. 

do. . 

Do. . , 

M.J.. 

80 

Do. 

Do. 

1)0. 


(70) Do. 

do. . 

Do. 

M. L. . j 

I 

I 80 

Do. 

Do. 

Do. 

• 1 

(71) Do. 

do. . 

Do. 

M. L. 

80 

Do. 

Do. 

Do. 


(72) Do. 

do. . 

Do. 

M.L. 

i 

80 

Do. 

Do. 

Do. 

• • 

(73) Do. 

do. . 

Do. 

M.L. 

80 

Do. 

Do. 

Do. 


(74) ])«>. 

do. . 

Do, 

M. L. 

80 

1st ,luly IBOi) 

Da 

Do. 

« • 

(75) Do. 

do . 

Do. 

M. L. 

80 

Da 

Do. 

Do. 

• • 

(76) Do. 

do. . 

Do. 

M. L. . 

80 

Do. 

Do. 

Do. 


(77) Do. 

do. . 

Do. . . 

M.L. 

1*1 

84 

Do. • 

Do. 

Do. 

t • 

(78) Do. 

do. . 

Do. . . 

M.L. . 

160 

Do. 

Do. 

Do. 

• • 

(70) Do. 

do . 

1 Do. . . 

M.L. 

80 

Do. 

Do. 

Do. 

• • 

(60) Do. 

do. . 

Do. t . 

|M.L. . 

I 80 

Ist January 

Do. 

Do. 


(SI) Do. 

1 

do. . 

Do. . 

iM.L, 

i 

1 82 

i 

1010. 

Do. 

tfio. 


E, L, dcn(jlfc.4 ExploriDR License ; P. I*. rTpepectlng Liceme ; and M. L., Mining lease, 
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BALUCHISTAN-<;flnc?rf. 


DISTRICT. 

Grantoo. 

Mineral. 


Nature of 
grant. 

Area in acres. 

1 

Date of 
commence* 
i ment. 

Term. 

Zhob 

• • 

(82) Babu Karam Singh. 
Agent oi' Mr. C. E. 
Lindsey. 

Cliromlto 

• 


M. L. 

183 

i 

; 1st July 1909 

; 

30 years. 

Do. 

• • 

(83) Do. do. . 

Do. 



M. L. 

89 

i 1st .Taniiary 
; 1910. 

Do, 

Do. 


(84) Do. do. . 

Do. 



M. L. 

80 

: 1st July 1909 

Du. 

Do. 

• • 

1 

? 

c. 

p 

Do. 



M. 

80 

Do. 

Do. 

Do. 

■ ■ 

(86) Khan Bahadur Bur- 
jorjee D. Patel, C.I.E. 

Do. 



M. L. 

115 

: Ist January 
1910. 

Do. 

Do. 

• • 

(87) Do. do. . 

Do. 



M. L. 

80 

Do. 

Do. 

Do. 

. 

(88) Do. do. . 

Do. 

■ 


' 

M. L. 

80 

Do. 

Do. 

Do. 

• 

(89) Raho Karam Singh, 
Agent of Mr. C. B. 
Lindsey. 

Do. 



M.L. 

80 

1 Iftt July 1909 

Do. 

Do. 


(90) Do. do. . 

DO. 



M. L. 

100 

Do. . ! 

i 

Do. 

Do. 


(91) Do. do. . 

Do. 

i 



1 M. L. 

17.r37 

Do. . I 

Do. 

Do. 


(92) Do. do. . 

! Do. 



1 M. L. 

SO 

i Do. 

Do. 

Do. 


(93) Do. do. . 

Do. 

i 

i 


1 

Lm.l. 

80 

i 1st January 

1 1910. 

1 Do, 

1 

Do. 


(94) Do. do. . 

i Do. 

1 



; M. L. 

; 80 

i 

Do. 

Do. 

Do. 


(95) Do. do. . 

1 Do. 



• M. L. 

! 80 

! Do. 

1 Do. 

Do. 


(96) Do. do. . 

; Do. 



jM.L. 

80 

Do. 

Do. 

Do. 


(97) Kliaii Bahadur Bur- 
jorj ?e D. Patel, r.I.E. 

1 Do. 

I 



; M, L. 

80 

^ Do. 

Do. 

Do. 


(98) Do. do. . 

1 Do. 



M. L. 

80 

Do. 

Do. 

Do. 


(90) Do. do. . 

j Do. 


■ 

M.L. . 

80 

1 DO. . 

1 Do. 


BENGAL. 


Uauiribagh . 

Do. 

(100) S. D. Philippe, Esq. | Mica . . . ■ P. L. 

(101) Messrs. Gladstone, | Minerals other ■ 

Wyllie & Co. : than mica, coal, P. L. 

i oil, gold, silver . 

■ and prceious ; 

Stones. 

40 

1,000 

1 9th January 
! 1909. 

; 28th A])rii 

1 1909. 

1 

1 year. 

Do. 

Do. 

(102) DO. do. . ; Do, . . P. I.. 

400 

Do 

• 

Do. 

Do. 

(103) Each oi Narain ; Mica . . . • P. T,. 

Shratf. ' 

160 

i 3{)Hi 
1009. 

July 

Do. 


(104) Archibald A. C. ! Do ■ P. L. 

Dickson, Esq, ; 

1 

160 

' 15th 
1009. 

July 

Do. 


E. L. donotPB Exploring Liemr ; ?. L., Pnwi ociing Licenso ; and M. L., Mining 
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BFMiAh-conId. 


[VoL. XL. 


DISTRICT. 

Grantoe. 

i 

Minora! 

Kature f*f 
; grant. 

! 

Arna «>f acres. 

' Da te of 
ooninu’uco- 
1 inciC. 

Term. 

Hazaribagli . 

(105) S. D. Pbilippo . 

! 

Mica . 

. : p. L. 

10 

i 8tb Novein- 
bor 1009. 

1 year. 

Do. 

1 (100) Satj’endro Pado 
j Sarkar. 

Do. . 

.Ip.l. . 

300 

1 2nd October 
! 1900. 

Do. 

Sambnlpur 

(107) A. H. Tioikins 
l.ocnl Agoni, Sanihal- •; 
piir. ; 

Coal . 

. ' P.L. 

4213S 

■ 141 ]i DecPin- 
ber 1909. 

DC. 

Singbl)hum . 

^ (108) Messrs. Martin & 
Co. of Ctilcuita. 

Clirnmitf , 

. P. 1. 

2,21)1 "JO 

(itb.liily 1900 1 

Do. 

J)o. 

(IflO) Mr. P. ti. Ro^o, 
Knnrhi. 

Gold . 

. P. L. 

2.240 

.301 b Septoni- 1 
ber 1909. 

2 years. 

Do. 

(110) Tlin Rental Iron ' 
i and Stotd Company, . 

Liiiiited, 0 and 7, diva ! 

; Streut, Caloiilta. 

Iron oro 

. M.L. 

1,020 

. (Kb Dc<’cml)er i 
1009. : 

i 

1 

30 years. 

Do. 

i (111) .r. A. Joscpli of 
i Calcutta. 

.Mangauo.^n . 

. P.L 

2,112 

3rd Dftcoinber i 
1909. 

1 year. 


IIOMBAY. 


Belgiiiini 

(112) Mr. N. H. Patiick 
i of Doiiibay. 

1 r 

Manganese . . : P. L. . i 

i j 

263 

17tb Febru- 
ary 1909. 

1 yea . 

Do. 

(113) Do. do. . 

Do. . . 1 E.L. . i 

2,238 

Do. 

Do. 

Do. 

(114) Mr. (?. P. Boyce of 
Bclgiimn. 

Do. . . ; p. L. . ; 

1 ! 

1,207 

21st Septem- 
ber 1909. 

Do. 

Do. 

(llfi) Do. do. . 

Do. . . P. L. 

102 

Do. 

Do. 

'ijapnr 

(116) Messrs. C. Chat oor- 
bliooj & Co., Bombay, 

Asbestos . . • P. L. 

! 

765 

191b Febru- 
ary 1909. 

D«». 

Do. 

(1 17) Mr. Sbapurji Obina 
of llyderabsid (Dcccan). 

Gold. . . P.L. 

1,992 

41 b .lannnr>' 
1909. 

Do. 

bftrwAr 

(118) The Gold Fields of 
Dluirwar (luditi), Linii- 
j OmI. 

i M. L. 

282 

i 

1 at June 1909 

30 years, 

Do. 

■ (119) TboDhar war Gold 

1 Mines, Ltd. 

Do. . , . 1 M. L. 

i 

■ 

2.101 ! 

! 

20ib August j 
1909. j 

Do. 

inara 

. (120) Me.ssrs. N. Futeballv 
. & Co. 

Manganc.se, tin, j P. L. 
copper; chrome i 
and naphtlia. j 

2,022 

1 

1 

19tU Marcb * 
1909. 1 

1 year. 

Do. 

1 (121) Mr. Sambshiva 

1 lycr. 

Manganese . • | P* L. 

180 ' 

! 

IStli March I 
1909. ! 

Do. 

Oo. 

^ (122) Mr. 0. P. Boyce . 

Asbestiw . . E. 1.. 

20 

8th Novem- 
ber 1909, 1 

Do. 

ie!i Mabdls 

i (123) Mr. F. A. It. East, 

! Manager, SliivrAJpur 

1 Syndicate. 

Manganese . , M. L. 

401 

1 

26th October 1 
1909. i 

1 

1 

30 years. 


E. L, (lenoti’s ExrluTing license; l». L., Ptospecting Etfcuw ; and M. I,. Mining Lease. 
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District, 

(i rant Of. 

Mineral. 

I 

Nat urc of 
grant. 

; Area In acres. 

Date of 
comineneo* 
iiLcnt . 

Term. 

Ratnagiri 

(124) Mr. K. N. Leslie . 

Mica . 

1 E.L. 

2,.')fi0 

15tTi April i 
1909. ; 

1 year. 

Do. 

(12')) Do. do. , 

Mica and coal . 

i P. L. 

475 

Do. . 1 

Do. 

Do. 

; (J2fl) McssrH.W.WlK‘lan 
Coen & Co, 

Cliroiniiini . 

i T*. L. 

; 508 

Jst April 1909 i 

Do. 

Do. 

' (127) Do. do. . 

Do. 

i K. L. 

2,.')<)0 

! I5tli Apr;l ■ 
1009. 

Do. 

1)0. 

! (128) Mo.s»r.s. Nansoe 
Eliair.iz k Co. 

(trapliite. copper 
and gold. 

P. L. 

fi32 

: 27Mi April i 
1009. 

Do. 


BUKMA. 


Akyal) . 

(129) (1) U. Thn Taw U. 

(2) U. Aung Ban . 

jc’oal 

E. L. 

20,000 

.appro.\iinaU'ly.! 

8tli October 
1909. 

! 1 year. 

1 

Amherst 

(i:iO) Messrs. Poucar and 
(!o. 

Antimony . 

P. L. 

(renewal) 

309-U . 

27tli .Tune 
1909. 

Do. 

Do. 

(1.11) C. ll inialingan 
Villa y. 

Minerals 

' 

E. ).. 

Different parts 
of the Am- ' 
herst Dislritd. 
in unoccupied! 
and nnre- i 
served land i 
belonging to ! 
Oovernnierit, 
excluding ; 
Forest ]{«■• i 
serves. 

7th Septem- 
ber lOO.i. 

1 Do. 

Uhaiuo . 

(132) Mr. A. C. 

Miu'iuillaii. 

(Sold . 

M. L. 


Lst August 
1908. 

30 years. 

llenzada 

(133) Mr.P. L Hrpiis . 

Oil . 

p. r.. 

1,920 

4th Mureh 

1 year. 

Do. 

1 (134) Bombay Burma 

1 Coal Syndicate. 

Coal . 

P. 1. 
(renewal) 


19th April 
1909. 

Do. 

Do. , 1 

i (135) Messrs. GillandiTs, ' 
Arbutlinot & Co. 

Do. . 

! 

P. L. 

I (renewal) 

; 2, '>00 ; 

Do. 

! 

Do. 

Kalha . . | 

i 

1 (1.10) Mr. .T. A. Mauyon 

Copper 

P. L. 

2,881) ; 

11th .Tuim 
1909. 

Do. 

1 

Lower Chind- i 
win. j 

(137) Mr. W. Macdonald ! 

Iron pyrites, sul- 
phide of iron 
ore. 

P. L. 

14 00 : 

1811j Novem- 
ber 1009. 

DC 

Magw’c . . ' 

1 

(138) Mating AMaiing Oyi . j 

Petroleupi . 

P.L. 

383 

29th March 
1903. 

Do. 

Do. . . 1 

i 

! 

(130) Messrs. Finlav, i 

Fleming Co., Agents ^ 
for tlie Burma Oil j 
Co., Ltd. 

Do. 

p. r. 

: (renewal) 

, 12,800 

i . 1 

1st May 190) 

Do. 


E. L. donotea Exploring T-iceiwc : P. L., Proapecting License ■ and L., Minin? Loausc . 
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BUKMA-co«<<i. 


District. 

i 

! Grantee. 

i 

vr..! i Nature of 

Mint ral. grant. 

Aren in neres. 

■ 

Date of 
commcttce- 
inent. 

! 

1 Tenn. 

Magwe 

1 (140) Me:<srsi. Kinlny, 

: Fleming (.’o., Apciits 
for ilic Diiriiia (.it 
i Co., Ltd. 

IVtroleiim . . ■ P. J/. 

1 (renewal) 

1,280 acres, 
blocks i;s. 
and 4S. 

1 28tli April 
1909. 

1 

1 year. 

1)0. 

; (141) Siilaiinan Adainji . 

Do. . .1 P.L. 

■ (renewal) 

1,280 acres, 
hhx^k.s 5S. 
and GS. 

4th June 1909 

Do. 

uo. 

; (142) Mesara. Finlay, 

Flcn'.iiiKtt Co., Agents 
for the Durtiui Oil 

1 Co., Ltd. 

Do. . . : M. L. 

i 

088 

1st January 
1909. 

30 years. 

Mandalay 

i (143)Mo»sTa. Dewiek, 
Morcing * Co. 

Minerals of all i\e- i P. L. 
scriptioriii other ' (renewal) 
than iiiinml oil. ; 

484-8 

20th January 
1009, 

1 year. 

Do. 

! (144) Mosars. Mower A 
Co. 

Copijer. gold, load, . P. L. 
silver, arseuie, ; 
and antimony. 

2..5fiO 

8th May 1909 

Do. 

Do. 

i (14.^0 Do. do. . 

Lend, silv-'r and ' P, Ti. 
eopper. 

2.500 

Do. 

Do. 

Do. 

: (140) Do. do. . 

Silver and asso* ' P, L. . j 

eiaiod metals. ! 

1,280 

approximately.’ 

2nd Decem- 
ber 1909. 

Do. 

Meikiila 

(147) MOAsra. Finlay, 

Fhnriing A Co,, Agents | 

; for the Durma Oil Co., j 

! 1 

i 

Pelndeiim . . i P.7;, 

i i 

j 

7,080 ' 

10th March 
1900. 

i 

Do. 

Do. . . 

(148) Mr. A. (^iimplu'll- ; 
Murniill.aii. ' 

j 1 

Lend ftiul copper . i P. I. . , 

! : 

1.281) 

! 

Will June ! 
1909. 1 

Do. 

Do. 

(140) 1)«». do. . ;■ 

Do. do. . ; J». L. . ■ 

1,280 

Do. . ; 

Do. 

Do. . 1 

(IfiO) Dewal.'iclii Gjilena i 
Symliettte. ‘ 

Coal . . . 1 P. L. . ; 

2,880 

25th Wovem- 
I'cr 1909. 

Do. 

rlerijui . i 

(l.'il) Anglo-Cnjitiiiental 
Gold Syndeato. ; 

Till . . . ; P. T.. . ! 

J (renew’Bl) i 

0,262-88 ! 

20th Febru- 
ary 1909. 

2 years. 

I.C. . . j 

1 

(l.')2) Mr. A. K. Luudon i 
White, on helialf of i 
lieutenant-Colonel J 

K. M. Foss. 

Coal . , . E. L. . ’ 

48 

22nd January 
1909. 

1 year. 

1)0. . . j 

(irjS) Messrs. (Jillanders 
Arhiithnot A Co., on 
helialf of Mr. Ham- 
iiu rsley llccnau. 

Do. . . 1>. 1.. . ’ 

2,011-2 i 

24ihJ(ilvl<Mi9 

Do. 

Do. . . : 

(l.'>4) Mr. A. R. Finlay . 

Tin and gold . ' P.L. . I 

1,000 1 

5th July 1909 i 

Do. 

D(.. I 

(L'iS) Do. do. 

Do. . : P. L. .1 

3,200 

Do. 

Do. 

Du. . . i 

(1S(\) D('. do. . ; 

Do. . I P.L. . ■ 

1,600 ' 

Do. . i 

Do. 

Do. . 

(157) Do do. . 

Do. . P.I. . ' 

1,600 i 

Do, , . 

Do. 

Do. . . ' 

(158) Do. do. . 

Do, . 1 p. L. . ! 

1,000 

Do. 

Do. 

Do. . . ‘ 

(150) Do. do. 

Do. . i P. L. . : 

! i 

1,600 

Do. . i 

Do. 


E. I,, ati-otf 8 Biploting I IfHire ; p. I,. Prosp«rt:ng Ilrenfe ; and M. E.. Mining lease. 
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BUJIMA- mtd. 


1 

DlSTIllCT. 

Grantee. 

Mi-"'. ; 

Area in uvies. 

Dale of 
comiiience- 
meut. 

T€1 

Mergiil . 

(ICO) Mr. A. IX. Eiiilny . j 

Till and gold . P. L. 

1,(100 

5th July 1909 

1 year. 

Du. . . i 

(It)]) Do. do. . : 

I)-. . ; IM . . ; 

J,()i)i) 

Do. 

Do. 

Do. . 

(1«2) Do. do. , : 

Do. . P.L. 

J,«00 

Do. 

Do. 

Min 1)11 • . . ; 

(ld3) Messrs. Finlay, 

Petroleujii . . 1*. L. 

l.dOO 

1st January 

Do. 


FleniiiiR & Co., Agents 
for the Biuiini Oil 

(renewal) 

1909. 



Do. . 

Co., Ltd. 

{Iti4] Do. do. 

Do. . . P.L. 


1st. April 

Do. 



(renewal) : 


190!). 


Do. . 

llfto) Mnollu Da wood, 

Do. . . E.J.. 

2,S80 

8th October 

Do. 


Sons it Co. 



1909. 

Myingyan 

(lOfi) Messrs. J. W. Dai- 

Do. . . p. L 

:i20 

1st February 

Do. 


#'ijod & Co. 

' 


1909. 

Do. 

(1()7) .Messrs. Finlay, 

Do. . . ' P. L. 

l.:i2lJ 

281 h January 

Do. 


Fleniing'A- Co., Agents 
for the iiurnia Oil Co.. 



1909. 


Do. 

T.td. 

iim Mo.ssr.s. A. S. Jamal 

Do. . . P. L. 

li-tO 

17th Pe))rii- 

Do. 


lirothers it t;o. 



ary 1909. 

J)o, 

(DjD) Do. do. 

Do. . . I*. L, 

1,280 

Do. 

Do. 

Do. 

(170) Mr. J. W. Parry . 

Do. . . ^ K.L, 

2.:»t5D 

1411) .Tammry 

Du. 





1909. 

Do. 

(17J) Do, do. . 

Do. . . E. L. 

0,120 

Di). 

Do. 

D<». 

(172 Rangoon Oil Co. . 

Do. . . J*. L. 

1)40 

: J5tli Feliru- 
ary 1909. 

Dc. 

Do, 

(17:5 .M<’ssr.s. Finlay, 

Do. . P.L. 

:l.:)04 

! 4lh October 

Do. 


Fleniiim it ('«)., Agents 
fort lie Diirma OilC.o., 



1908. 


1)0. 

Lid. 

(174) Do. do. . 

Do. . . P. L. 

1.2 .Vi 

l.')th Septem- 

; Du. 





ber 1908. 

D" 

.Mni lla AIojmmI 

1)0. . . P. L. 

I iT.o 

; 21)1 h May ]!it!) 

1 Do.- 

Do. 

(17«) Missrs. Finlay, 

Do. . . 1*. L. 

T.ILSi 

■ 1st May 1900 

1 Do.- 


Fleming A- Co., Agents 
for the IJii ma Oil Co., 




j 


Ltd. 




1 

Do. 

(177) Mr. J.W. Parry . 

; Do. . . E. L, 

2,. ■)«■)! 1 

. 1st .N’ovmi- 

j Do. 





ber 1909. 

Do. 

(178) Messrs. Finlay, 

Do. . . V. L. 

l,28il 

15111 Sept em- 

1 

; Do. 

i 


Fleming it (.'o., Agent s 
for the Burma Oil Co., 

j 


ber 1909. 

1 


Ltd. 





Myitkyina . 

(17!)) Mr. A. R. Oher- 

■ Copper, silver, iron , P.L. 

1)40 

. nth X«(\cni- 

1 

; Do. 

I 


lander. 

and siilpliur. 


ber 1909. 

Nortliern Shan 
S lilies. 

(180) Mr. R. S. Dickie . 

Lead and silver . P.L. 

04(1 

: i:th Marih 

1909. 

Do. 

Do. 

, (181) Burma Mines, Ltd. 

Coal . . . P. L. 

.')02-C.')(i 

: 4th May 1909 

Du. 

Do. 

(182) Do. do. . 

Lead, eojiper, xine, P. L. 

;5I2 

! 27th May 

Do. 



nickel, cobalt, : 
silver and gold. 

1 

1909. 



E. L. denotes Exploring License; V. I,., Enwpeeting License: and M. f , .’llininj; Lease. 
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Records of the Oeoloykal Survey of India. [VoL. XL, 


BUKMA- 

COtltd, 

DWIHICT. 

Grantee. 

! 

I ifinoral. 

1 

Nature (»I 

1 grant. 

I 

Area in acres. 

Date of 
commcnce- 
meiit. 

Xerji\ 

PakdkkR 

(183) Rangoon Oil C<'. • 

, ^ 

1 PetrulcMiin . 

1'. L. 

1,280 

7t.h February 
1900. 

1 year. 

Do. 

(184) Messrs. .Kinlay, 

('0., Agents 
for Mic Riirimi Oil Co., 
1.1(1. 

j Do. 

1 P. 1.. 

I 

1 

640 

1st .Tanuary 
1009. 

Do. 

Do. 

1 (lh.'i) 1 ) 0 . do. 

; Do. 

P. L. 

(renewal) 

2,560 

» 

0th October 
1908. 

Du. 

D»>. 

j (I8(«) Miumg Kyaw Zaii 

D„. . . 

Kl.. . 

Over areas 
near I'lizu 
village. 

14th .laniiary 
1009. 

Do. 

Do. 

1 (187) M.Ooolam Hussein 

u. . . 

1 

P. L. 

1.920 

15ih July 
1909. 

D(». 

Do. 

(188) Do. do. 

Do. 

P. L. 

1,280 

2l8t July 1000 

Do. 

Do. 

(18‘.1) Maung Kyaw Zan 

Do. 

E. L. 

Over areas 
near Tazu 
and Oklnnin 
villages, 
Pauk Town- 
ship. 

lltli June 
1909. 

Do. 

Do. 

Maiing I’o Tlni'k . 

Do. 

M. L. . 

TJmbtmaioated 
)do(*.ks Noh, 

3 uiul 4. 

1st Sriplem* 
l-(‘r 1900. 

30 yc:»r^i. 

Do. 

(Idl) Manng Slnve Goli . 

Do. 

P. L. 

1,280 

22nd Dee(‘m- 
ber 1909. 

1 yc'iir. 

Ite. 

(102) M(!ssra. Kinlay, 

Fleiiiiiig Co., Agcnla 
fiirtho Hiirnin Oil (.'o., 
I.til. 

1)0. 

P. 1 . 

i 

1 

2.210 

I 1 

1 Uth Novem- 
i bir 1909. 

1 

Do. 

Do. 

(1113) Mr.A.W.O. llleeck, 
on behalf of Messrs. 
Mower & Co. 

Do. 

i 

i 

' j 

1 P. L. 

4,480 1 

1 
1 

22nd Decem- 
ber 1909. 

Do. 

Do. 

(194) Maung HU wo (loh 

Do. . . 1 

P.L. . 1 

2,240 

Do. 

Do. 

Do. 

(19.^>) Maimg Mu . 

All minerals 

E. L. 

Saw Township | 

4 th Novcm- | 
1 or 1009. 

Do. 

Promo . 

(196) Mr. \V. R. E. Rule 

Mineral oil . 

P. L. 

10,496 1 

3rd June 1009 

Do. 

Du. . . 

(107) Mr. Benjamin 

Halls worthy. 

Petroleum . 

P. L. 

10, 881-8 

6th August 
1909, 

Do. 

‘^'nRiiing 

(198) Mr. S. Spencer, on 
behalf of the Bnrtiia 
Minos, . td. 

Iron ore 

P.L. . • 

550-96 

1 

3rd August 
1900. 

Do. 

SaU-eeu 

(199) Mr. A. IT. Rowland 
Ady. 

Galena and lead . 

P.L. . ' 

2,500 1 

1st July 1900 

Do. 

Do. 

(200) Mr. 0. E. Hayes . 

1 

Silver ami leati . 

! 

P.L. . i 

3,200 1 

23r(l Septem- 
ber 1909. 

1)0. 

Sliwebo 

(201) Mr. C. D. Clark, 
Manager for tho 
Burma .Minos, Ltd. 

Iron . 

P.L. . i 

i 

3-20 

lat July 1909 

j 

Do. 


E. L. denotes Exploring License : ?. L., Prospecting License : and M. L., Mining Lease, 
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BURMA — conld. 


1 

District. ' 

i 

r 

I 

Grantee. i 

.1- 

i 

Mineral. 

1 ( 

i ! 

Date of 1 1 

(‘(uuimnicc- j 
)nent. 

Term, 

Southern Shan 
Stntes. 1 

(202) Htamong Yc and 
Saya Kyi. 

I 

Silver and lead . | 

M. L. . ' 

7*:J8 

Ist.Tiui) 1008 

5 years, 

Do. . j 

^203) Mr, F.H. Parry, on 
hohiilt of the Dewala* 
chi Galena Syndicate. 

Lend, copper and i P. L. . ' 

other uunerals. ' 

1 

;j,2tK} 1 

■20th June 
1000. 

1 year. 

Do. 

(204) Messrs. Mower A 
Co. 

Wolfram . . ' 

P. L. 

2.560 ; 

1 

7tJi .Tilly 1009 

Do. 

Do. . ! 

i 

(205) Mr. T. Fowle 

Coppi*r. giilena and ’ 
other ores. 

P. L . : 


261h August 
1009. 

Do. 

Do. . ; 

(200) Messrs. Mower A 
Co. 

Wolfiiiin . . 1 

i 

P. L. 

2,500 

25t.h .Vugust ! 
1000. 

Do. 

Do. . i 

j 

(207) Mr.F.n. Parry, on 
behalf of the Dewala- 
chi Galena Syndicate. 

Copper, etc, . • 

J*. L. 

1,600 

Do. 

Do. 

Tavoy . 

(208) Ko Tun Byaw, At- 
torney of Mr. A. C. 
Miirtiue, llangiKui. 

.MineraLs of every 
description. 1 

13. L. 

Whole dislri('l 

:Hst May 1000 

i 

Do. 

Do. . 

(200) Mr. .1. VV. Doiiuld- 
son Aiken. 

Tin, w’olfrain, gold 
and galena. 

P.L. 

i 

2,880 

! nth August 
; ]009. 

Do. 

Do. . 

(21,0) Mr. R. 11. L^'.vlcii , 

Tin and other 
minerals. 

r.L. .| 

640 

! 7th October 

j 1000. 

Do. 

Thaton . 

(2H) Mr. G.Jil. Hayes . 

Gold and other 
minerals. 

P.L. .1 

i 

3,200 

! 10th 3Iareh 
j 1009. 

Do. 

Do. . 

{*iVi) Messrs. Mower & 

1 Co. 

I 

Gold, silver, 

copper, iron and 
))y rites. 

P.L. 

i 

3,200 

1 7th April 1000 

Do. 

Do. . 

1 (21.5) T)o. do. . 

Silver and lead . 

; P.L. . i 

2,500 

2"(h Xovem- 
I ber 1908. 

Du. 

1 

Thayctiiiyo . 

! (214) Messrs. Bnwancy 

1 Brothers ik Co. 

j Pclrolenin . 

1 

: K. L. . ' 

2,560 

1 10th April 
i 1600. 

Do. 

Do. 

i 

; (215)31(^813. finiay, 

FleniiupACo., AkcuIs 
for the Burma Oil Co., 
lAd. 

j Do. . . 

\ 

i 

K. L, 

j i 

41,062 

j Olh July 1000 

I 

1)<;. 

Do. 

(216) Mauiig Po Ni 

Do. 

|K.L. .j 

6-3:i 

j 20th Juiv 

1 1900. 

Do. 

Do. 

j (217) Maung Tun Aung 

1 Gyaw. 

Do. 

; 13. L. . 1 

I 29*:54 

j llth G(^t()ber 

i 1000. 

Do. 

Do. 

1 (218) Chlew Bah Ghone . 

Do. 

! E. L. 

1 

j 0,661 

j Do. 

; Do. 

Do. 

1 (219) Maung Tun Aung 
j Oyaw. 

Do. 

1 E. L. ■ . 

: 9,356‘8 

! 2Hih OclcjbeT 
; 1000. 

Do, 

Do. 

: (220) Sliur.iiiildin . 

1 

Do. 

i E. L. 

8,876-8 

! 6th Novoni- 
! per 1009. 

: Do. 

onngoo 

(221)Sfr. A.R.Ady . 

j 

Silver, lead and 
other metals. 

1 

; P. L. 

1 

1 

I 

1,340 

1 

i l:t1h March 
i 1900. 

1 

i Do. 

1 


0 a 


E. L. (Jenotca Expbping License ; P. L., Prospecting License: aiidM. I.., Mining Lciwo. 
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Eecoris of the Geological Survey of India. 
BURMA— concW. 


[Voi. XL. 


District. I 

1 

Grantee. Mineral 

Nature of 
grant. 

Area in acres. 

Date of 1 
commence* 
inent. 

Term. 

Tounijuu . ! 

i 

(2ii2) Mr. C,E. Drown . Silver, lead and 
i other nicfals. 

i 

1 

P. L. 
(renewal) 

3,200 

' 

30th Octoljw 
1900. 

Renewed 
on the 
28th 
October 
1909 till 
.3Uth 

April 

1910. 

Do. 

(22:{) Mr. X. SaniwelJ . ; (JoUi . 

i 

! 

E. L. 

(renewal) 

Shwhgyiu 
river and ' 
its tribu- 
taries »)n 
the east, of 
the Siting 
river. 

lOtli DtR'oiri* 
ber 1908. 

KcMiO wed 
for 1 year 
on the 
2()th 
Decom- 
h(‘r 1900. 

Upper Cldiid- 
win. 

(224) The retroleuin 1 I’etrolcuin . 
SyndicaUf, hy its ' 

MiiJiagor, Major H. W. ‘ 
lies. 

J’. L. 

5,700 

20th March 
1909. 

1 year. 

Do. 

(22:»)Mr.W.A.Frcymulh, ; Coal . 
onhehallf f the Burniu 

Mines Development ; 
and Aueney, lAd. 

M. L. 

1,020 

Lst-Tuly 1908 

30 years. 

CENTRAL PROVIN(’ES. 

Akoli . 

(22fl) Mr. MaMio, son of All iniiierals 
llalkrishna Uawiie. 

E. L. 

1,920 

10th .luly 1909 

1 year. 

Delngljnt 

(227) Mr. D. Laxini- ■ Manganose . 
nnrayiUL Kamidw. 

M. L. 

UP) 

ISMi .Taumiry 
190.1. 

30 years. 

Do. 

(228) Mr.M.M.Mnlliia . Do. 

. 

P. L. 

120 

2!)llj Miireh 
1909. 

1 year. 

Do. 

(221M Mr. D. .LTXMui- ' Do. 
naraynn. 

M. L. 

91) 

18tli .Fa unary 
l!MJ9. 

30 ycir.^. 

Do. 

(2:{d) ^Iea<ra. f.alhiharl D«». 

Xiiraindas iind Kam- | 
eharan Shuiikar Lall ! 
of Kamiitee. ■ 

P. L. 

rjU4 

i 

.')t.h .Tiinuary 
1909. 

1 year. 

Do. 

(2:D) Mr.A.tMlleehyn- j Do. 
don. j 

i P. L. 

1,078 

15th .Taniinry 
1909. 

Do. 

Do. 

(2U2) Lala B. Sitaram . ■ Do. 

i P. L. 

' 323 

Slat March 
1909. 

Do. 

Do. 

(2311) iVrr. Byruniji All minerals 
Pestonji. 

i 

jB.L. . 

1 

1 887 

31st .January 
1909. 

Do. 

Do. 

(234) Bubii Kripn | Manganeso . 
Shanker. ; 

1 

! P.L. 

! 

188 

i 

Do. 

i Do. 

DO. 

(235) Nagpur ManKanese ; Do. . . 

Minl'rig Syndicate, Ltd. : 

1 

1 P. L. 

i 

1 187 

i 

Do. 

1 Do. 

i 


E. L. denotes Kxplorluii License ; P. L., Frospectins License ; and M. L., MiniuR Lease. 
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District. 

Grantee. 

Mineral. 

: Nature of 
grunt. 

Area ill acres. 

Date of 
coninieiice- ' 
iiiont. 

Term. 

Haiti {iimi 

. ■ (2;m) Mr. C. Vein Ayah . 

Manganese . 

. P. L. 

98 

29 th March , 
1009. 

1 year. 

1)1). 

. (237) Nagpur Manganese i 

Mining Syndicate, Ltd. ! 

All ntiuerals 

. : E. L. 

7tiU 

20t)i March 
15)09. 

Do 

Do. 

■ (238) Mr. Hyraiitji 

Pestuuji. 

Mniigunese . 

. 1*. L. 

212 

1.3th May 

1909. i 

Do. 

Do. 

: (2.31)) Dubu Kniia 

1 Slmnker. 

Dt). 

. 1*. J.. 

j4.5 

24 th June 

iSiOO. 

Do, 

Do. 

. ' (210) Mr. Dyraiiiji 

JVstonji. 

Do. 

. P. L. 

70 

131 it May ■ 

1909. 

Do. 

Dti. 

(241) Do. do. . 

.\ll iiiiiierals 

. K. L. 

3.157 

241h Apr! 
1909. 

Do. 

Do. 

. (242) Hahii Kripa 

Sltankur. 

Do. . . 

. li. L. 

340 

141h .Tune , 

1905). 

Do. 

Do. 

. (243) Messrs. Rataneliand 

Kcsrirliand Cliullany 
& Sous. 

Mting.inese . 

. P.L. 

320 

Do. 

Do. 

Do. 

. (244) Nagpur Manganese 

Mining Syndicate, Ltd. 

All niluerals 

. !•:. L. 

lUC) 

; 201.h May 

15)09. 

Do. 

Do. 

. (24.'*) The Ocntrnl Jntlia 

i Mining Co., Ltd. 

Manganese . 

. ; P. I.. 

; iir* 

’ 30th Dine 

1909. 

Do. 

Do. 

. (2S).0) Balm Kripa I 

; .Shankar. ! 

Allniinerals 

. ; K L. 

.518 

i 1 ttli .Tuno ' 

' 1909. 

J Do. 

Do. 

. . (247) Mr. Dyrainji 

Pestonji. 

1 Do. 

i 

. * E.L. 

; 272 

; 15tlt May 

i 1900. 

Do. 

Do. 

. (248) Mr. S. 0. Hnlniea . 

: Manganese . 

. P. L. 

334 

! loth August 
: 1905). 

Do. 

Do. 

. (249) Mr, M. M. MnJliia, 

JMcader, Baltiglmt, 

1)0. 

•. P.L. 

789 

1 20Hi August 
i 1909. 

Do. 

Do. 

. (2.')i)) Mr. C. Vein Ayah . 

; Do. 

. P. L. 

45 

23ril Augtist 
' 1909. 

Do. 

Do. 

(2r»l) Mr. Byraiiiji 

Pestoiiji of Jlaiimr. 

Do. 

. P.L. 

121 

nth .Sepleiii- 
her 15)09. 

Do. 

Do. 

(2.‘i2) llaiSaliel) .Mathura 
Prasad and Motilal of 
Chhindwaru. 

Do. 

. M. L. 

13 

1st .Tnly 15)09 

30 y; ar. 

Do. 

. 1 (253) Mr. Iliraktl Sukiml 

: Do. 

. M.L. 

10 

Do. 

Do. 

Do. 

. ' (254) Messrs. Kassaiii- 
bhoy, OopaJd.'iss and 
Mahndeo Setli of 
Kamptee. 

: Do. 

. ; P. L. 

80 

: 8Ut August 
, 1009 . 

; J year. 

Do. 

. ; (255) Babn Kripa 

1 Shankar. 

1 Do. . . 

. P.L. 

347 

! 291 It Septent 
i)i.'r 15)05). 

- Do. 

Do. 

. ; (25G) Mr. Uiralal Sukliul 

1 Do. 

i 

. : M.L. 

1 . 

10 

9th Septem* 
i her 1909. 

I 30 years. 


E* L. denotes Exploring License ; P. L., ProepectiDg License ; and M. L , Miinng Lease. 
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CENTRAL PROVINCES-ccm^rf. 


DiiTBItT. 


Mineral. 

Nature, of 
grant. 

i Area in acres. 

1 

1 

; Date of 
! comine nce- 
1 iiicnt. 

Term. 

Balaglmt; , 

(257) Me.ssrs. Aatancltand' Ail luiuerals 
K-;fsrU:liund Chullany 1 
& 8oim. I 

; Ji. L. 


148 

1 

nth Septem- 
ber 1909. 

1 year. 

Do. 

(258) TJie Bombay Pros- 
pecting and Mining 
Syndicate. 

Do. 

1 E.L. 

• 

544 

i 18th Novem- 
1 ber 1009. 

Do. 

Do. 

(259) Mr. Byraniji 

Postonji. 

i Do. 

E.L 


0,2f9 

j 26tli Novem- 
ber 1009. 

Do. 

Do. 

(290) Mesars. Schroder, 
Smidt iCL 

; Manganese . 

; P. L. 


52 

29th October 
1909. 

Do. 

Do. 

(261) Do. do. . 

Do. 

1 P. 1. 


],09') 

Do. 

Do. 

Do. 

(262) Do. do. . 

Do. 



sao 

8th October 
1909, 

2nd October 
1900. 

Do. 

Do. 

(26:l) Messm. Kussam- 
bhoy, Bttmji & Co. 

Mica . 

1 P. L. 

1 


285 

Do. 

Do. 

(264) Nagpur Manganese 
Mining Syiidieate, Ltd. 

Ail inintTals 

E.I. 

1 


94 

16th Novem- 
ber 1009. 

Do. 

Bolul . 

(26.5) Rai Bahadur 
Ballabhilttsaiid Kuwar 
Jiwundas. 

CiMii, fopper, man- 
ganese, gold, 
silver and mine 
ral oil. 

! P.L. 

! 

i 


8,800 

loth Febru- 
ary 1909. 

Do. 

Do. . 

(266) Mr. Hnnuuninlrao, 
Kamptce. 

(Jrapliitc . 

I P.L. 


522 

Do. 

Do. 

Do. 

(267) Mr. byraniji 

Pestoiiji. 

All minerals 

K. L. 


242 

! 5tli Juno 

1909. 

[ Do. 

Do. . . 1 

(268) D(». do. . 

Do. 

E. L. 


y24 

Do. 

Do. 

Do. . . ! 

1 

(209) .Mr. P. K. Camerou 

Coal . 

; P. L. 


1,874 

nth Septem- 
ber 1909. 

Do. 

Do. . , 1 

(270) Mr.R.K.Kanga . 

Do. . 

P. L. 


2,182 

' 26th July 
1000. 

Do. 

Do. , . ; 

(271) Mr. Tiicuiudus 
Cooverji, 

Do. . 

P. L. 


2,872 

2,5 th Novem- 
ber 1909. 

Do. 

Do. . . i 

! 

(272) Dv». do. . 

* Do. . 

1 P.L. 


1,110 i 

i 

1 Do. 

i 

Do. 

Do. . . 1 

i 

(272) Mr. Kill III ji Cooverji 
of JSonibay. i 

; Do. . 

^ P.L. 


1 

1,:46'3 

1 

6th October 
1909. 

Do. 

Do. . . ; 

(274) Seth Lakshml- ! 
chand. 1 

Manganese , 

: P.L. 

1 


148 

25ih October 
1909. 

Do. 

Do. . 

(275) Mr. K. Nugannuh : 
Naldu. 1 

(Jraplilc 

|P.L. 


88 

loth Novem- 
ber 1909. 

Do. 

Bliaridura . | 

(276) Balm Madhulal 1 
Dngar, Calcutta. ! 

Manganese 

P.L. 


262 

13th March 
lOC'O. 

Do. 

Do. . 1 

i 

(277) Messrs. Inlbihari | 
Naraindas and Ram- I 
cliaran Shunker Lall of j 
Kainptec. | 

Do. . 

P. L. 

1 

j 

1 

i 

847 

2ikd March 
1909. 

Do. 


K. L. denotes Explorinj; LiccnBC : ]'. L., Prosiwcting Lieense ; nnd M. L., Mining Lease. 



Paht 2.] La iWaiE: Mineral Production foe 1900. 159 


CENTRAL PROVmCES-co«<i 


“"7 

District. 

\ 

Grantee.. ! 

j- 

Mineral. 1 

j 

Eaiuntof ; 
gram. ; 

j 

Area inaori'8. 

1 

Date of 1 

eorninenec- i 
im-nt. j 

i 

Term. 

llhandara , 1 

(278) Mr. R.U.lllcliard* 
son, Kainplee. 

Manganese. . j 

1 

M. L. 

50 

12(Ji Decem- 
ber 1908. 

UOyenfs. 

Do. 

(270) Central India Min- 
ing Co., Ltd., Rainpiee. 

Do. . . i 

i 

M. L. 

207 

10th Deeom- 
ber 1908. 

Do. 

Do. 

(280) Diwan Baliadnr 
Kasturchand Daga. 

Do. . . < 

M.I,. . 

176 

4th Febru- 
ary 1000. 

Da 

Do, 

(281) Mr. S. S. Wazalwar 

Do. . . ! 

IM. . 

140 1 

i 

9th Febru- 
ary 1909. 

1 year. 

!>». . I 

j 

(282) Messrs. Uaniprasad 
and Laxminarayau. 

Do. 

P. L. 

223 

5th March 
1009. 

Do, 

Do. . i 

(283) Mr. TUimbilas 
Murlidliar. 

Do. . . ! 

M. L. 

143 ; 16th January 

1909. 

30 years. 

Do. 

(284) Messrs,. Jessop & 
Co,, Oalcuttu. 

Do. . . 

P.L. . i 

114 

9th January 
1909. 

1 year. 

Do. 

(285) Do. dp. 

Do. . . j 

1 

P. L. 

249 

14th Fel)ni- 
ary 1909. 

Do. 

Do. 

(286) Mr, UirulHl Sukluil 

1 

Do. 

P. L. 

362 

9th January 
1909. 

Do. 

Do. 

(287) Mr. T. B. Run- 
tharia. 

Do. 

P. L. 

60 

Do. 

Do, 

Do. 

(288) Do. do. . 

Do. 

P. L. 

96 

8tli Febru- 
ary 1009. 

Do. 

Do. 

(289) Mr. Byraiiiji i 

I All minerals 

E.L. 

2,442 

20tli Febru- 
ary 1900. 

Do. 

Do. 

(200) Central India Min- 
ing Co., Ltd. 

1 Manganese . 

M. L. 

607 

19th DectJin- 
ber 1908. 

;J0 years. 

Do. 

(291) Do. do. . 

Do. 

M. L. 

1 122 

I Do. 

Do. 

Do. 

(292) Messrs. Ka.ss.iiu- 
Lihoy, Oopaldass and 
M.aliiideii Setli, K amp- 
ice. 

Do. . - . ; 

P.L. 

273 

j 17th Febru- 
i ary 1009. 

1 year. 

Do. 

(293) Mr. Vinayak liao 
Vaidya. 

i Do. . . 

P. L. 

198 

1 26i.h March 
1900. 

Do. 

Do. 

(294) Mr. Jlyranjji 
Pcftionji. 

i Do. 

M.L. 

i 47 

j 

, 2nd March 
j 1909. 

30 years. 

1 

Do. 

(295) Messrs. P. 8. Kotwali Do. 
and 8. K. Naidu. | 

P.L. 

85 

i Sth Febru- 
i acy 1909. 

1 lyear. 

i 

1 

Do. 

(296) Mr. Bunsilal Ralar 

1 Do. . . 

P.L. 

! 205 

1 

1 27tl\ Febru- 
i ary 1909. 

j Dc. 

Do. 

(297) Do. do. . 

Do. . . 

P.L, 

64 

! 

i Do. 

I Do. 

Do. 

(298) Seth Jagannath . 

j Do. . . 

P.T, 

57 

1 26th March 

1 1909. 

1 Do. 

Do. 

(209) Messrs. Kassain- 
bhoy, GopaIdas.s and 
Mabadeo Seth. 

Do, . 

P.L. 

354 

1 letli March 
j 1909. 

1 Do. 

i 


E. L. denotes Exploring license ; P. 1., Prospecting License ; ftrirt M, L, Mining Lease. 
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IiecOni< of llic (jeoloijical Surcey of Jiidia, 
( I'i.N TJ{ A L PJiOA’ I N( K.S could. 


[VoL. XL. 


District. 

Gj’jmke. 

Mineral. 

! 

Nature of 
grant. 

Area Inaeres. 

' Date* of 
euniineiiee- 
incut. 

1 

1 Tern;. 

Bliandara 

(oOO) Liilu Bnusilai K'iilar 

Alangane.si‘ . 

i P. J.. 

201) 

! 27tli Kehrii- 
; ary 1909. 

1 1 year. 

Do. 

Nagpur Mairgaiu’M: 
.Milling Syiuliealc. Ltd. 

Do. 

i P. L. 

2:i2 

HOth Mareh 
1909. 

Do. 

Do. 

(:J02) Do. dll. . 

All ininerals 

E. 1.. 

lih 

Do. 

Do. 

Do. 

! (:ju.' 4) Air. r.yiiiiiiji 

! l\:stoiiji. 

Do. 

: ILL. 

i 

oo:) 

tlth Alareh 
1900. 

Do. 

Do. 

ClOl) Do. do. . 

Do. 

: K.1,. . 

4,71:5 

:llst Mareh 
1009. 

Do. 

Do. 

(Ilo.'i) Nagpur .Maiigaiusc 
Alining .Syndicati*. Ltd. 

I)'». 

, K. L. . 

1U4 

I2tli Mareh 
1!)09. 

Do. 

J)«». 

(:10G) Do. do. . 

Do. 

E. L. 

100 

noth March 
J909. 

Do. 

Dm. 

(;107) Do. do. . 

Do. 

; E.L. 

71 

Do. 

Do. 

Do. 

(:i()8) .Mr. Jl. Verma of 
('lihiiKivvare. 

Manganese . 

■ P. L. 

Ls;; 

7lli May 1909 

Do. 

Do. 

(dOli) Alessrs. Kassani- 
Idioy, Gopaldash and 
Muliiidoo iSetli. 

Do, 

^ J*. J.. . 

07 

2 1st May 

1900. 

Do. 

J)o. 

(ino) Mr. H. Verma o[ 
(ddiindwara. 

Do. 

J*. L. 

J8 

lath May 

loot). 

1 ).,. 

Do. 

(311) Mr. T. IL Ivan- 
tliuria. 

1)0. 

P.L. 

Oi’t 

21st April ' 
1909. 

Do. 

Do. 

(312) Mr. D. LaMui- . 
imia>au. 

Do. 

; M. 1.. . i 

01 

2llh Mareh 
190'.). 

:J0 year.' 

Do. . : 

Mr. JJ. K. Kanga . 

.Manga ni*M’. liii. 

copper, Wdlfiam. 
lead, graphite 
am! silver. 

; J*. L. 

),:iiH) 

1st .lime 1909 

1 year. 

Do 

(:n4) Mr.U.lT. Ri.iiard- 
son. 

Manganese . 

ALL 

2:1 

91 h Alaicli ! 
1909. j 

;L) year.s 

DC. 

(:Ur.) Air. JlainL las 

.Mnrlidliar. 

D... 

; P. L. 

274 

8th May 

loot). 

1 year* 

Do. 

(Hill) .Mps.<irs. Balibiiadra 
and Alolianlal. 

Do. 

’ I’.L. . : 

288 

! 

25111 April 
1909. 

Do. 

Do. 

(;{17) Messrs. Kussaiii- 
Idioy, Gopaldass and 
Mahadeo Seili. 

J)M. 

. P. L. 

lol) 

loth Afiril : 
1909. 

Do. 

Do. . ; 

(1118) Messrs. Dralnna 
DtiUii llaijiiatli of 
Tninsar. 

Do. 

P. 1 . 

0? 

14th June 
1909. 

Do. 

Do. . i 

! 

(oil)) Messrs. Kassani- 
Idioy. (lopaldass and 
Maliadco 8et1i. 

Do. 

P. L. . i 

03J 

20t:i J line 
1909. 

Do. 

Do. . ; 

! 

1120) Air. P. BalkriSiina 
Nuidii. 

Do. 

i 

1 

i V. L. 

1 

j j 

11)8 

1 

! 

Hist May . 

1909. , 

Do. 


K. i. denotes Exploring License : P. L., Prospecting License ; and M. L., Mining Lease, 
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CENTllAL PROVINCES- eontd. 


161 



Draiik'o. 

Mini:ral. ^ 

Nature of 
grant. j 

Areji in acres- 

Dale of 
eomiucnee* 
meut. 

Term . 

Jiliulidura 

(-121) Diwan Diiliadur 
Kasturchiiiid Daga. 

.Mangani*>=e. 

r.L. . j 

128 

21st May i 

IDU!). 

1 year. 

Do. 

{l{22) Xugpur Miinganosu 
Mining Syndicate, Dtd. 

Do, 

i‘.L. . ; 

104 

2«11i May , 

1001). 

Do. 

Do. 

(:{2;{) Missrs. H. D. H. 
Fouzdar llr<H. 

Do. 

1’. L. . : 

2'»7 

4t1t June 

JDOO. 

Do. 

Do. 

(:124) Mossr.x. Kjissam- 
blioy. Gopaldass and 
MaJiadro Potli. 

Do. 

I'. L. 

78 

Do. 

1)0. 

Do. 

(:>2.‘j) Mr. !•:. ('. Dnugoio 

Do. 

i‘. 1.. 

171 

mil April 

r.'oiL 

Do. 

J)... 

(:i2(i) \agpiii' MangaiKSo 
Mining Syiidiculc, l-td. 

Do. 

W L. 

1.7 

201 h May 

U)0l). 

Do. 

Do. 

(:127) Do. do. . 

Do. 

1*. L. 


Do. 

Do. 

Do. 

(:128) Mr. MyiHKiji 

I’j'f^lonji. 

Do. 

1'. L. 

oo.') 

LSI May IDO'J 

Du. 

J)o. 

(112!)) Do. do. . 

Do. 

l\ L. 

in:: 

1-71 h June 

1001). 

1)0. 

])o. 

iNagpnr Munganoso 
Mining Syndiralo, Ltd. 

All minerals 

L. 1.. 

07 

l.Mh April 
I'JOO. 1 

Do. 

Do. 

Mr. L. C. Dniigoip 

Manganese . 

I‘. L. 

1 

2Isl. Mav' 

11)00. 

Do. 

Do. 

(:ik) Mr, Byraniji 

rot.onji. 

All minerals 

K. L. 

7 

, 1st May 1001) ; 

Do. 

Do. 

(.'1:53) Do. do 

Miingiinese . 

V. L. 

0:.5 

:sis< May ; 

11)00. 

Do. 

Do. 

(:iH4) Xagp'iT Manguuesn 
.Milling Syndkatr, Ltd. 

Do. 

1*. J.. 

17 

2()tli May 

lOOO. 

Do. 

Do. 

(:l:5rO Mr. 1’. Balkrisjma. 
.Naidii. 

Do. 

i\ L. 

2!»l 

;5Df .Mav . 

100!). 

Do. 

Do. 

(;i:iH) Mr. Ka'^liinalli 

iUnu-liiindra I’audry. 

Do. 

J'. L. 

27 

20tli 31 a V ; 

lOOO. 1 

Do. 

J>... 

(:i:57) Di Willi Huliadiir 
Ivastiiridiand Dagu of 
Kuinptco. 

Do. 

1’. L. 

01.7 

12t]i .Inly i 
JOOO. 

Do. 

D<.'. 

(1138) Mi.’SisrH. Lilli lloluii'i 
Naraindasi; and 11 am- 
elia ran SliiiiiLar Lall. 



r. L. 

D)7 

lOlli August 
1000. 

])r. 

1)0. 

(■Iill)) Dewan Jlaliadiir 
Kuslurelinnd Dag.i. 

Do. 

M. L. 

320 

11 til August 
1000. 

; :it) years. 

Do. 

(:140) M<'h.<hs. Lall Beliari 
Nariiindas.s. 

Do. 

M. L. 

:L7 

2rdli .Inly 

1001). 

; .7 years. 

Do. 

(;}4l) Mr. D. Laxmi- 
imrayuii. 

Do. 

M. L. 

21 

2llt|i .Tiilv 

1000. 

i :50 years. 

1)0. 

. (:142) Mr. CJowardliandas 

1)0. 

V. L. 

i7f7 

, .7t1i Auaiwt 

' lono 

j 1 year. 


K. 1. d-nok< Jixpl.u-ing Liceiist* ; T. L, I'rosiiiM'tiu? ; iviid M. I M'liii).' I.oia 
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Uasords of the Geological Survey of India. [VoL. XL. 
CENTRAL PROVINCES- coMtrf. 


Disthiot. 

D ran tee. 

Mineral. 


Nature of 
grant. 

Area in acres. 

Date of 
coniineiice- 
iijcnt. 

Term, 

bliandaru 

(:]l;{) Sfttli Dowardhandas 

Manganese . 

• 

p. r.. 

100 

2nd August 
1909. 

1 year. 

Do. 

(ivM) Messrs. Kusaum- 
tiliov. Ciopaldasa and 
Co. ‘ ■ 

Bo. . 


p. I. 

81 

Do. 

Da. 

Do. 

(:U5) Do. dt). . 

Do. 


P. L. 

322 

27th July 

1909. 

Do. 

!)•). 

Messrs, shanvii 
Madlioji. 

Do. 


p. J.. 

100 

16th Seiptciu* 
her KU9, 

Do. 

1)0. 

(:147) Messrs. Sclhoder, 
ijjnidt .t V(i. 

Do. 


p. J.. 

50 

6th August 
1909. 

Do. 

Do. 

|34H) Do. do. . 

Do. 


P. L. 

140 

7 th August 
1909. 

Do. 

Do. 

(SDO Do. do. . 

Do. 


P. L. 

35 

Do. 

DC. 

.1)0. 

lariO) Di’waii Diiliadiir 
Kusturc-lmnd Daga. 

Do. 


P. L. 

30 

loth August 
1909. 

Do. 

Di>. 

Mosars. KaRsam- 
bhoy, Unpnldass and 
Maliadoo Seth. 

Do. 


I'.L. . 

151 

1st Septuiii- 
hcr 1909. 

Da. 

Do. 

(:152) Do. do. . 

Do. 


J‘. L. 

4U4 

2)id August 
1909. 

Do. 

Do. 

(:)5:)) Do. do . 

Do. 


P.L. 

203 

27lh July 
190!). 

Do. 

Jku 

(:j&4) Do. do. . 

Do. 


!p.l. . 

57 

0th August 
1909. 

Do. 

Do. 

(di'di) Oeiilral India .Viu- 
! iiig (;(»., Ltd, 

i Do. 


: M. L. 

2 

20th Septem- 
ber 1900. 

1 yoycurs. 

Do. 

(yuO) Messrs. .Bniiuliadiitt 
and Ditijii.atli. 

Do. 


P. 1. 

337 

22nd August 
100!). 

1 year. 

Do. . , 

, (;{57) Setli I’okurinal 

' Bi'hahlal. 

Do. 


■ P. L. 

31 

: 23rd August 
1909. 

i Do. 

Do. 

: (y.j8) Mr. T. C'oovrrji 
Biioja. 

Do. 


P.L. 

2,000 

8lh Doeem- 
ber 1909. 

1 Do. 

Do. 

! (d.'iO) Messrs. U am juM sliad 
i and liiixminarnyao. 

Do, 


i P. L. . 

i 

146 

1 22ud Decem- 
ber 1009. 

Do. 

Do. 

CKUl) Messrs. Iladliukisan! Do. 

and Brother.-. 


i 

! P L. 

7 

21st rictober 

loot). 

Do. 

Di^. 

(:UU) Mr. D. Gaugadiiiir 
Uao. 

Do. 


1 P. L. 

52 

■ 24th Novem- 
ber 1900. 

1)0. 

Do. 

(;5(W) Bai 8aliil) Mathura 
Prasad and Mutilal. 

Do. 


i M. 1. 

j 

4 

: 30th Septem- 
ber 1909. 

' 30 years. 

Do. 

cm) Mr. P. Balkrislinu 
Nnidu. 

Do. 


M.L. 

02 

! 2nd Novem- 
ber 1909. 

i Do. 

i 

Do. 

(364) Mr. K. ^lagannalj 
.Naldn. 

Do. 


M.L. 

10 

i lltli Novem- 
1 ber 1909. 

j 5 years. 


£. L. denotes Kxplnrine license ; P. t., Prospectins License ; and M. L., Mining Lease. 
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CENTRAL PROVlNCES^^cow/rf. 


District. 

Grantee. 

i 

Mineral. 

. Nature of 
grunt. 

Area in acres. 

. 

Date of 
eoimnenee- 
ineiil. 

. . 

Term. 

Bliandara 

(365) Deii'au Baliadur j 
Xasturchaud Daga. 

Manganese. 

. : 1*. I. 

j 

88 

2nd August 
1000. 

1 year. 

Do. 

(366) SeM) Jagauuatli of | 
Tuinsar. 

Du. 

. • M. L. 

41 

26th Novem- 
ber 1000. 

30 years. 

Do. 

(307) Mr. Kmiibilas ! 
Murlidhar. 

Dr.. 

. i\ L. 

2U 

llrh October 
1900. 

1 your. 

Do. 

(3(i«) Mosprs. Siliiuraiii i 
Nalliii and Goviud ' 
•SitluiraiM of Laklini. 

Drr. 

. IM. 

32 

21^1 October 
1000. 

Do. 

Do. 

(SOU) Mr. E. C. Duiigoro 

Do. 

. J*. L. 

02 

22ud Dr'ceiu- 
ber 1000. 

Do. 

Do. 

(370) Mr. Uanibiliis 

Miirlidliar. 

Do. 

- 1‘. 1.. 

J8.j 

I7lh Decem- 
ber HUW. 

Do. 

Do. 

(371) Me.'jsr.'<. Sitljaram 
.NiiGiu and Govind 
iSItlinruiii. 

Do. 

V. 1.. 

68 

Do. 

Du. 

Du. 

(372) Nagpur JlaiigaiU'se 
Mining Syndicate, Ltd. 

Do. 

. 1*. L. 

218 

16lh Novem- 
ber 1000. 

1)0. 

Dlmnda 

(373) .Mr. Dyrauiji ! 

1‘estoiijj. 

All iiniieruls 

. K. L. 

Entire villagr^ 

15th March 
1009. 

Do. 

Do. 

' (371) Do. do, . 

D.». 

. E.L. 

Do. 

Do. 

i Dr). 

Do. 

(:)7o) Me.<isrs, Uiiiurali 
Brothers, 

Do. 

. E. L 

5,315 

i 5th July 

1900. 

Do. 

Do. 

(370) Messrs. IJ. Venua ; 
and Kauhayalul. 

Coal . 

. [\ L. 

1,363 

! 

2iid Decern- 
; ber 1909. 

Do. 

Du. 

(377) Do. do. . ' 

Do. . 

J*. L. 

2,07(5 

Do. 

! Drj, 

J)o. 

(37rt) 1 ) 0 . do. . 

All minerals 

• K. L. 

6.663 

‘ 20lli Novem- 
ber 1009. 

I Do. 

Do. 

(37U) Do. do. . 

Do. 

. E. L. 

.S,75S 

Do. 

1 Do. 

(Jhiiindwiitii . 

: (380) Iiidiiiii Marigainse ; 
Company, Ltd. ' 

Manganese . 

■ M. L. 

24 

bill .laiKurv 
loot). 

1 30 years. 

Do. 

(381) Messrs. Macbeth j 
Brothers Co. i 

CoiiJ . 

. P. 1.. 

U',)2 

22nd January i 
1009. 

1 1 year. 

Do. 

(382) S. Mathura ! 

Parsadnud Motilul. 

Manganese . 

. M.L, 

1 17 

J 2 th March ' 

1009. 

i30 years. 

Do, 

(383) Mr. W. Stalkartt . : 

Do. 

. i\ L. 

324 

271 h April 
1000. 1 

1 year. 

Do. 

: (384) Messrs. Abdur 

Rahim Khan and 
Khimji Cooverji. 

Coal . 

. . P. L. 

1,880 

i 

14th Jiiiie 
1909. 

j Dr), 

1 

Do. 

i (385) Mr. 1). N. Mltra . 

.Manganese . 

. P.L. 

! 10.5 

22nd .May 

1009. ' 

Do. 

Do. 

■ (380) Mr. J. C. atalkartt | 

Do. 

. : P.L. 

1 oc 

Oth Juno 

Do. 


190!>. 


E. L. dPti< 1/^ Sxidorliw Liccnwi : 1*. L.. Fr(i9pfM:ting Lurus? ; and M. I Mining Lease. 
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(!ENTKAL PimmM- rmitd. 


Eihtujct. 

Grantee. 

Nature of 

Aicii in ueres. 

! Date of 

J cuuiniuiiec- 
! meiit. 

Toiin 

C'liIiinrUvnru . 

iWl) JtHiS:i1ieI)M:itlinra 
Era^ud Motilal and 
Co. 

All mineral'^ . , K. L. 

5,300 

12th Juno 

1 1001). 

1 year. 

Do. • 

{‘iS6) hullni) Mangane.‘{c ' 
Co., Ltd. 

Ifjinganeiie . . 1‘. L. 

5S 

i 21st July 

1 1001). 

Do. 

Do. 

(180) Messrs.!’. S.Kolwal; 
iuidS. E. Naidu. 

Do. . . r. L. 

00 

4th Novem- 
ber lOOU. 

Do. 

Dc. 

CJOO) Messrs. Ilaiya Lnll 
ami ^'urll^ J’atel. 

Do. . . 1'. h. 

101 

21st October 
11)01). 

Do. 

1)0. 

(:t01) Alr.A.C. lUecliyn- ^ 
den ot Jiibbulpore. 

Do. . . 1*. L. 

•iO 

15th Deeein- 
her 11)011. 

Do. 

Do. 

(:i!)2) Do. do. , 

Di». . . 1*. L. 


Do. 

Do. 

Do. 

(.'{!):j) .Mr. Govind Jtao 
liuji Kilo Di'siiiiuikli 
«»f Kelod. 

Do. . . V. L. 

\ 

71) 

i J4th Deecin- 
hcr lOOll. 

Do. 

Do. 

(:t04) The Tiidiuti Man- 
ganese Co. 

.\ll iniiUTals . E. L. 

1,5.)7 

nth Novem- 
ber IPOU. 

Do. 

Drug . 

(.’IS).')) hala Imlrashah, 
/iainindur, Aniliagarli 
Cliowki.. 

J.eiid and quick- i 1’. L. 
silver. 

107 

18th May 

1001). 

Do. 

.1 ulibulpore . 

■ (HOt'O Messrs. 1*. S. Kotwal 
amis. K. .Naidu. 

.Manganese . . 1*. L. 

40S 

. l.sl March 

11)01). 

Do. 

Do. 

i (:107) 1)0. do. . 

Do. . . r. L 

JOl' 

22nd .Mareh 
11)01). 

Do. 

Do. 

; (:108) Do. do. , ! 

Do. . . r. L. 

10 

151 h June 
11)01). 

Do. 

Do . 

: The l{oiiil)a\ I’ld.-i- 

|iei:ting and Mining 
Syndicate. 

Soiipstone, jjlealile, r. L. 
and tale. 

047 

21si April 
11)01). 

Do. 

Do. 

i (400) Mr. D. NV. A. .Mae- 
Dunald id Murwara. 

All iniiUTals . E. L. 

40 

24 til April 

]!)0!). 

Do. 

Do. . ; 

1 (101) Do. do. . 

1)0. . E. I.. 

.’>07 

Do. 

Do. 

Do. . , 

: (io:!) Messr.s.r.S.Kolwal 
andS. ]{. Naidu. 1 

.Manganese . . T. 1.. . , 

40 

5th .Tilly 

11)00. 

Do. 

Do. . i 

' (10:0 Do. do. . 

Do. . . P. L. . i 

li42 

l>fi. 

Do. 

Do. 

(404) Ihanhay rrospect- 
' ing uiid Mining Syndi- ; 
cate. 

llauvile . . P. J<. . i 

1 

] 

;i75 

20th July 

JDOl). 

Do. 

Do. 

(40r>) Mr. M. (iiipta. 
Barrisler-al-LaM’, Mos- 
Iningabud. 

All iniiierals . E. L. . ! 

i 

081 

. 2:ird July 
1001). 

Do. 

Do. 

(40ti) Mr.lMv. Kanga . 

Manganese and , L. 

Iron. i 

1 

071 

:U)th Septem- 
ber 1001). 

Do. 

Do. . ! 

(407) Do. do. . 

Do. . P.L. 

2\)'> 

20tTi August 

Do. 


1U09. 


E. L. deuotfs Exploring License ; 1’. L. J.’rospecting License ; and M. L., Mining Lease. 
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District.* 

Grantee. Micerftl. 


Nature of 
grant. 

Area in acres. 

Date of 
eoniineueo- 
; incut. 

Term. 

Jubbiilpoie . 

(408) Mo.ssi'.s. 0. Mae- All rninera!* 
Donald iV. Co. 


K. 1.. 

({:i:| 

lath duly 

lOlM). 

1 year. 

Do, 

(401)) Do. (In. . Iron . 


P. L. 


; ;Mst August 
; 1000. 

Do. 

Df». 

(110) Mr. M. Gupta, : Soapstone, .slealite. 
Barrisler-fit-Law, lD*s- j and talc, 
hangabnd. 

P. 1.. . 

2I« 

20th Septem- 
lier 1009. 

Do. 

1)0. 

(411) .Mr. P. C. Dull, i .Ml minerals 
DuiTister-rtl'Lsnv, .Jub- 
biiljiore. ; 

• 

E. L. 

2,.j8G 

20th July 

JOOO. 

Do. 

J)o. 

(112) nombay I’rospeel- ; Do. 

inis' and Milling Syiuli- 
eato. 


15. L. 

LGlir 

22rd July 
1000. 

Do. 

Do. 

(11:5) .Messrs. Burn and ' Gold, silver, i 
Co. and P. C. Dull. and lead. 

opper 

M. r.. 

41) 

;ith October 

tool). 

20 years. 

Dll. 

(414) Me.ssr8. H. F. Cook ! Buuxile 
it Sons, Miirwara. 


P. 1. 

2SS 

: IHlh Decern* 
Lit 1000. 

1 year. 

1)0. 

(4l.‘i) Mr. C. Vein Ayali . Manganese, 


P. L. 

207 

20th Oetoljei 
1000. 

1 Do. 

Di'. 

' (410) Seth Timora.sji ■ Coal . 
CoNViisji. 


P. 1.. 

hi) 

8l.h Novem- 
ber 1000. 

1 Do. 

Nagpur 

(417) Messrs. B. li. B. , Manganese 
Fouzdar Brothers. iniea. 

ami 

1*. L. 

420 

DJtli Mareli 
1000. 

! Do. 

Do. 

' (IlH) Mes.sr.s. Jessop (V Mangamw . 
Co. 


M. h. 

00 

12th .Marc]) 
101)0. 

j 20 years. 

Do. 

(410) Mr, ViMikat Bao Do. 

NaiU. 


P. I . 

.18 

2nd Maifli 
1909. 

1 year. 

Dm. 

(420) Gala B. Sitaraai, D«i. 

Kaiiiptee. 


P. L. 

270 

Kith January 
1000. 

; Dm. 

Dm. 

(121) Me.ssrs. B, D. B. .Manganese 
Fouzdar and Brolhers. ei.Ni!. 

.and 

P. 1.. 

2i; 

12th March 
1900. 

Do. 

Do. 

(122) lloii’ble Mr. G. M. .ManganeM' . 
Chil navis ol Nagpur. 

• 

P. L. 

278 

12lh Felirii- 
ary 1000. 

Dm. 

Do. 

(122; M''. S. 0. IJoIiiH'.s . Maiigaiiese. iron, 
eoppiT, tin, ))is- 
miitli, wolfram 
anil molybde- 

iiiiiii. 

P. 1.. 

1 

It.') 

7l1i .laniiary 
11)01). 

Do. 

Do. 

(424) Mr. Dyramji Manganese . 

I’estoiiji. 


I 

201 

20tli Marcli 
1000. 

i Do. 

Do. 

(42r>) .H(ni’))le Mr. G. M. Do. 

Chit navis. 


j 1*. 1-. 

;>() 

201h Mareli 
1000. 

: Do. 

Do. 

(42«) tViitral Provincfts D**. 

I'lMspi'etirig SvTidiente, 

Ltd. 


, M. 1.. 

27 

22nd .Tannai'v 
1000. 

! 

20ye;iis. 

Do. 

(427) Mr. S. 0. llolnies . .MiiTigarie.se, ' iroii. 

tin, copper, wol- 
fram and bis- 

. muth. 

i P. T.. 


7th .Tamiarv 
1000. 

1 year. 


]?. L. dcnotf'si Exploring Iict*iiso ; I*. L., Vr'jKpoctiU;? Llajiise : and M. L., Mining Lease. 



166 


Records of the Geolojjieal Survey of India, [Voi. XL. 


(^ENTliAL PROVlNCES -fMi/rf. 


District. 

Drantce. 

VI Nature of '• 

liner.il. grant. 

.4rea in acres. 

Date of i 

commence- 
ment. ; 

! 

Term. 

Nagpur . ! 

(428) .Mr. S. (». Hnlmo?. 

Manganese, Iron, ' P* L. . i 

tin, copper, wol- { 

frain and bis- ; j 

ninth. ; j 

287 

7t)) .lanuary j 
1009. 1 

I 

1 year. 

Do. . : 

(429) Moflsrs. 1’. S. 
Kotwal an l S. K. 
Naidu. 

■vlangan(*se . . j P. L. . i 

165 i 

31sfc Mareli 1 
1909. ! 

j 

Do. 

Do. 

(4:U)) Mr. F’.ynuiiji 

I'estonji. 

Do. . . P.L. . 1 

j 

5911 ^ 1 

Do. . j 

Do. 

Do. . 

USl) Mr. Darasiiuh 
Manchorjl of Kiimptc*!. 

Do. , . P. L. 

102 1 

8th Fehru- ■ 
ary 1009. 

Do. 

Do. 

(4:i2) Mr. Veiikat, IMu 
N.aik. 

Do. . . P. L. 

1,084 

2n(l March ' 
1909. j 

Do. 

Do. 

(I:!(3) Moasr.^. Marti ti A Co. 

Manganese, iron. P. 1.. 
t n. Iiisinnth and 
iiiolyhilennin. 

363 

21st January ! 
1909. 

Do. 

Do. 

(4:U) Messrs. 1*. s. ; 
Kotwal and <S. i(. 

aNaidu. 

Manga lu'^c . . P. L. 

XIO 1 

31st .Tanuary 
1009. 

Do. 

Do. 

(Di.j) Mr. lli‘ri'.liMiulii)l 
Sitaruui. 

Do. . . P. L. 

85 

7t.h .Tannaty 
1909. 

Do. 

Do. 

(439) Mr. Dyramji I’es* 
toijji. j 

Du. . , P. L. 

70 

23r(l March 
1900. 

Do. 

Du. 

1 

(4)17) Mcasra. JUrnprasiid ! 
and Liixniiiiur.ayau. | 

Do. . . 1 P. L. 

125 

7th January 
1909. 

Do. 

Du. 

(438) Indian Mangane-so j 
Co., Ltd. ; 

Do. . . P. L. 

j 49 

1 ' 

21at January 
1909. 

Do. 

D<i. 

i (439) Do. do. . i 

1 ; 

Do. . , P. L. 

i 18 

Do. 

Do. 

Do. 

(140) Mr. tJ. M. I’rirliard ; 

All minerals ; K. L. 

: 853 i 

i 27th .Tanuary 
1009. 

Do. 

Do. 

' (441) D«». dn. . 

Dr.. . : K. L. 

70 

Do. 

1 Do. 

Do. 

: (442) Mr. fj. M. C)jitiifivi.s 

Manganese. . P. L. 

1 306 

29th March 
1909. 

1)0. 

Do. . ; 

(443)' Central India ; 

i Mining ('<)., idd., ' 
Kainptce. 

Do. . . j P. L 

! 235 

1 

ath February 
1900. 

Do. 

Do. 

1 

(444) Do. do. . : 

Do. . . j P. L. 

i 348 

Do. 

Do. 

Do. 

(440) Messrs. Martin A Co. 

All niincnils , | K. L. 

j 721) 

! 

I 21st January 
! 1009. 

Do. 

J)o. . 1 

1 

1 

(446) Messrs. P. S. Kotwal , 
and 8. K. Naidu. 

Manganese, iron, : P. L, 
bisiiiiitli, wol- 1 
fram and inoly- i 
hdenum. i 

- 153 

1 27th January 
! 1900. 

Do. 

Do. 

(447) Mr. Byramji Pcs* 
tonji. 

1 

All minerals . ; .K. L. 

213 

■ 13th February 
j 1909. 

DO. 

Do. 

(448) Do. do. . I 

i 

Do. . I K. L. 

i 

j 2,758 

j 

j Do. 

i 

j Do. 

j 


K. r.. dcnotca Exploring ilconsc : P. l„ Proipectlng License ; mid M, L., Mining Lease. 
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CENTRAL PROVINCES-cofK^. 


UlSTHICT. 

tirantoe. 

Mineral. 

i 

Nature of 
grant. 

Area in acres. 

i 

Dale Ilf 
eomineiice- ■ 
meiit. 

Term. 

Nagpiir 

(449) Mr. S. 0. Holmes . 

1 

! 

Manganese, wol- | 
Irani, iron, his- 
ninth, iin, cop- 
])er and moly- 
bdenuni. 

P. L. 

299 

23rd March 
l‘K)9. 

1 year. 

ho. 

1 

(400) Mr. P. Balkrislmn 
Naidii, 

Manganese . 

. ; p. L. 

; 

102 2iid March 

1900. 

Do. 

l)u. 

(451 ) Messrs. P. S. Kot wftl 
ami S. Jl. Naidu. 

Do. 


P. L. . 

49 

1 

1 

DUh May 

1909. 

Do. 

J).). 

(452) Nagpur Mangam^se 
Mining Syndioaic. 

Do. . 


P. L. . ; 

4(5 i 

41h March ! 
1909. j 

Do. 

1)0. 

(452) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 


1*. L. . 

I:ir, 

Do. . 1 

Do. 

Do. 

(454) Mr. K. C. Dungore . 

Do. 

• 

P. L. 

1.1 

27th January 
1909. 

Do. 

Do. 

(45.5) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 


P. L. 

85 

16th Pchruary 
1909. 

Do. 

Do. 

(45(1) Mr. Ilyramji Pes- 
touji. 

Galena 

• 

IM,. . 

205 

‘i'Jth March 
1009. 

Do. 

Do. 

(4r)7) Nagpur Mangam'se 
Mining Syndicate, Ltd. 

Manganese . 


W L . 

4.5 

25lh March 
1009. 

Do. 

Do. 

(4.58) Do. do. . 

All minerals 

• 

K. L. 

25 

21st .Taimary 
1909. 

Do. 

Do. 

(459) Do. do. . 

Do. 


B. L. 

115 

Do. 

Do. 

Do. 

(^00) Do. do. 

Do. 


B. L. 

247 

Do. 

Do. 

Do. 

(491) Do. do. 

1 

Do. 

. 

B. L 

no 

Do. 

Do. 

Do. 

1 (462) Du. do. 

Do. 


B. L 

IIS 

l.'lth March 
1909, 

Do. 

D(». 

(IfiU) Do. do. . 

Do. 


K. L. 

0-29 

8t h Peliriiary 
1909. 

Dr.. 

Do. 

1 (464) Do. do. . 

1 

Do. 


K. L. 

101 

21.st Jnuuaiy 
1909. 

Do. 

Do. 

(465) Do. do. 

Do. 


B. L. 

1 

i 

iitli Fehrmiry 
1909. 

Do. 

Do. 

(406) Do. do. 

1)0. 


K, L. 

55 

8th Fehrnary’ 
lora. 

Do. 

Do. 

(467) Mr. Byramii Pes- 
lonji. 

Do. 


E. L. 

2:i9 

2ud March 
1909. 

Do, 

Do. 

(408) Nagpur Manganese 
Mining Syndicate, l.td. 

Do. 


1 E. L. • . 

148 

i 

8t.h Fehruary 
1909. 

Do. 

Do. 

1 (409) Mr. Byrainji Pea- 
ton Ji. 

‘ 1)0. 


E. L. 

j 1.407 

29t!i March 
1909. 

Dc. 

Do. 

(470) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 


i E. L. 

404 

1 

1 

1 

j LJth March 
j 1909. 

Do. 


£, L,denotCRKxplorlng License ; P. L., ProHiHicting License; aiid'M.L., Mining Leasr'. 
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CENTRAL PROVINCES- coutd. 


DISTRICT. 1 

(i rant CM*. 

! 

Mineral. 

Nagpur 

(471) Nagpur Maiiganeso, 
Milling SyiiiticMitc, Ltd. 

All minerals 

Do. 

(472) Do. do. 

Do. 

Do. 

147:}) Do. do. . ; 

Do. 

Do. 

(474) Do. do. . ! 

Do. 

Do. 

(475) Mr. Dyrainji Pfs- 
tonji. 

Do. 

Do. 

(476) Do. do. . 

Do. 

Do. 

(477) Do. do. . 

D(». 

Do. 

(478) Moshis. Dinarali 

Bi'tillicirs. 

Load . 

Do. 

(470) Nagpur Manga iiosti i 
Mining Syndicalc. Ltd. i 

All minerals 

Do. 

(480) TV C entral Pro- ; 
viiKioH Prospeotiiig i 

iSyndicalc*. Lid. 

Manganese . 

Do. 

(481) Mr. D. Laxini- 
luirayan. 

Do. 

Do. 

1 

(482) Tin* (/fiitral India 
Mining Co., Ltd. 

Do. 

Do. 

(48:}) Mi'ssro. Kassaiii- 
blioy Hanijop iV Co. 

Do. 

Do. 

(484) L.'.la Mnliaidal 

Kalar. 

Do. 

Do. 

: (48.5) Messrs. Tvassam- 
Idioy Kamjoc ,t Co. 

Du. 

Do. 

(480) Do. do. 

Du. 

Do. 

(487) Mr.M.D. Dadaldmy ! 

Do. 

Du. 

■ (488) Mi*ssTs. P. S. Kotwal: 
and S. it. Xiiidii. j 

Do. 

Do. 

(481)) Mo.ssrs. Iva.ssani- ' 
blioy Ranijor iV. Co. i 

1 

Do. 

Do. 

(4!)0) Messrs. Nnniprasad . 
and Laxininarnyiin, j 

Do. 

Do. 

(401) TV Con trill Pro- j 
vlm*r» J’rospi'olijijr > 

Syndicate*, Ltd. I 

Do. 

Do. 

(192) Messrs. P.S.Kotwalj 
and 8. R. Naidu. ; 

Do. 

Do. 

(-J03) Mir Aslam Khan of 1 
Raintek. 

Do. 


Nature of 
gnint. 

i 

Area in acres. ■ 

Date of 
commence- 
ment. 

Term, 

E. L. 

4.5 

25111 February 
1909. 

1 year. 

E. L. 

lOfi 

Mill March 
1909. 

Do. 

E. L. 

41 

Do. 

Do. 

E. L. 

82 

Do. 

Do. 

E. L. 

2r)() 

29t.b March 
1900. 

1)0. 

E. L. 

3:}9 

2nd March 
1909. 

Do. 

E. L. 

:i7:> 

21)th March 
19tK). 

Do. 

]\ L. 

52 

4(h Marcli 

1900, 

Do. 

E. L. 

58 

25111 Marih 
1909. 

De. 

M. L. 

J 

I2th April 
1909. 

30 years. 

P. 1, 

184 

28th April 
1909. 

1 year, 

i 

: M. L, 

8 

19th April 
1909. 

1 

30 years. 

P. L. 

H 

llth May 1909 

1 year. 

; P. L. 

ijt:. 

22nd .Tune 
1909. 

1)0. 

‘ V. L. 

125 

llth May 1909: Do. 

; P. L. 

55 

i)«». 

Do. 

P. L. 

85 

Do. 

Do. 

p. I.. 

924 

22nd May 1009 

Do. 

P.L. 

, 50 

I 

19th .fuiic 
1909. 

Do. 

r. L. 

5:t 

281 h April 
1909. 

Do. 

M. L. 

31 

3rd April 

1909. 

30 years. 

V. L. 

210 

31st. March 
1909. 

1 year. 

P.L. 

187 

18th May 1009 

Do. 


r. T,, (leiKitPs KxplorhiR l.icffiiw ; P. T,., PmspectipR license ; 


and M. L., Mining Loasp. 
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CENTRAL PROVINCES-cowtd. 


DISTRICT. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area in acres. 

1 Date of 

I comnicnce* 

1 nient. 

Torm. 

Nagpur 

(494) Mr. Byramjl Pos- 
tonji. 

All minerals 

• 

1 

£. L. 


1,577 

' 22ad Juno 
1900. 

1 year. 

Do. 

(49&) Do. do. 

Manganese 

copper. 

and 1 

i 

P. L. 


46 

j nth May 1909 

Do. 

Do. 

(498) Do. do. . 

Do. 

•i 

P.L. 


no 

Do. 

Do. 

Do. 

(497) Mr. T. B. Kan- 
tharia. 

Manganese . 


1*. L. 


92 

28th April 
1909. 

Do. 

Do. 

(498) Mr. Hanniant Rao 
YelojI Rao Mohitcy. 

Do. . 


P. L. 


102 

11th May 1009 

Do. 

Do. 

(499) Mr. T. B. Kan- 
tharia. 

Do. 


P. L. 


90 

28th April 
1909. 

Do. 

Do. 

(500) Mr. M, B. Dadulihoy 

Do. 


1*. L. 



i nth May 1909 

Do. 

Do. 

(501) Mr. T. B. Kan- 
tliaria. 

Do. 


P. L. 


148 

: 28lh April 
; 10C9. 

Do. 

Do. 

(502) Tlio Central Pro- 
vincea Prcwpecting 

Syndicate, Ltd. 

Do. 

■ 

M.L. 


46 

; Ist May 1000 

*^30 years. 

Do. 

(509) Mr. Tlerchand Lai 
Siiaraii). 

i Do. 

. 

P.L. 


205 

! 171h April 
; 1909. 

1 year. 

Do. 

1 (504) Mr. Byraniji Pes- 
1 tonji. 

Do. . 


P. L. 


1 76 

i 

1 

nth May 100} 

Do. 

Do. 

; (505) Mr. llerchand Lai 
! Sitarain. 

i Do. . 

I 


P. L. 


1 248 

I6th June 
ItiOO. 

Do. 

Do. 

1 (509) Mr. Byrainji Pes- 
j tonji. 

1 Do. 


P. L. 


1 ^7 

1 

22Tid .Tune 
1909. 

Do. 

Do. 

; (507) Mr. T. B. Kan- 
tharin. 

‘ Do. 


P. L. 


100 

28th April 
1909. 

Do. 

Do. 

(508) Do. do. 

Do. 


P. L. 


100 

Di». 

Do. 

Do. 

; (509) Mr. K. C. Dnngore . 

I Do. 

1 


P. L. 

i 


. 212 

i 

22nd June 
1909. 

Do. 

Do. 

(510) Xiigpur Manganese 
Mininix Syndicate, Ltd. 

Do. 


P. L. 


' 52 

i 22nd May 

1'‘09. 

Do. 

Do. 

; (511) Do. do. . 

Do. 


P. J.. 


! 

Do. 

Do. 

Do. 

; (512) Do. do. . 

; Do. 


P, L. 


95 

19th April 
1009. 

Do. 

Do. 

(519) Do. do. 

1 Do. 


P. L. 


101 

: 22nd June 
; 1909. 

Do. 

Do. 

(5 1 4 ) Lala Balibhadra 
and Muhanlal. 

Do. 

I 


P. L. 


i 166 

‘ 28lh Aprii | 
' 1909. 

1 Do. 

Do. 

(515) Nagpur Manganese 
Mining Syndicate, Ltd. 

! Do. 

i 


r, L. 


i « 

: 22nd May 
: 1909. 

Do. 

Do. 

(51(1) Do. do. 

Do. 


P, L. 


1 89 

Do. 

Do. 


E, L. rloiiotes UxploTing Licc'iise ; P. L., PnMpecliii'? Licftnw ; and ^T. t., Mining Louse. 


If 
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Hecords of the Geological Surrey of Indw. 

CEN'I’RAL PROVlNCES-cow&i. 


[VoL. XL. 


Distwct. 

Grantee. 



Mineral. 

; Nature of 
grant. 

1 Area in acres. 

Date of 
' commence- 
! ment. 

i 

Term. 

Xagpur 

(517) Measrs. Uiuarali 
Brotluire. 

All minerals 

. E. L. 

398 

; 17Ui April 
1909. 

1 year. 

Do. 

(518) Do. ilo. . 

Du. 

. ; E. L. 

1 1,873 

i Do. 

Do. 

Do. 

(519) Nagpur Manganese 
Mining Syndicate, Ltd. 

Maiiganese . 

. i P. L. 

! 

; 22nd May 
1909. 

Do. 

Do. 

(620) Mr. E. G. Beckett . 

All iiiiiierals 

. E.L. 

610 

^ 16th June 
1909. 

Do. 

Do. 

(521) Do. do. . 

Do. 

. j E. L. 

43: 

Do. 

Di% 

Do. 

(522) Do. do. . 

Do. 

. i E. L. 

819 

Do. 

Do. 

Do. 

(523) Du. do. . 

Do. 

. E. L. 

1,192 

Do. 

Do. 

Do. 

(524) Nagpur ManganOHe 
Mining SyudleatP, Ltd. 

Do. 

. E. L. 

18 

17th April 
; 1909. 

Do. 

Do. 

(525) Mr. Byrainji l>es< 
tunji. 

Do. 

. E. L. 

1,211 

i 22iid June 
1909. 

Do. 

Do. j|. 

(528) Mc8Hra.a.K.(nml- ! 
lany Soik-. 

Do. 

. K.L. 

14 

i 16th May 1909 

Do. 

Do. 

(527) Mensrs. Dmarali i 
Brotbers. 

1)0. 

E. L. 

1,221 

Do. 

Do. 

Do. 

(528) Nagpur Manganeae 
Mining Syndicate, Ltd. 

Do. 

. . E. L. 

82 

i 171h April 
: 1900. 

Do. 

Do. 

(529) Do. do. . 

Do. 

. E. L. 

37 

1 Do. . ! 

Do. 

Do. 

(530) Mr. Dliuwukalinal 
Giuiputilal. 

Do. 

. . E.L. 

83 

1 nth May 1909; 

! i 

Do. 

Du. 

(631) Do. do. 

Do, 

. E. L. . 

31 

: 2.5th May 1909 1 

Do. 

Do. . j 

i 

(532) Nagpur Mang.ancHe 
Mining Syndicate, Ltd. 

1)0. 

. E. L. 

1,225 

! 12th .lune ; 
1909. 

Do. 

Do. 

(533) Do. do. . 

Do. 

. E. L. 

149 

: Do. 

Du. 

Do. . 1 

(534) Du. do. 

Do. 

. E. L. 

575 

i 22nd Juno ' 

1 1909. 1 

Do. 

Do. 

1 

(535) MoHsrR. Kainaani* 
blioy liaiiijee & Co. 

Du. 

. E. L. 

776 

i 20th June ' 
1909. 

Do. 

D(». . i 

(530) BaiiRilal Alieerehaiid 
Mining Syndicate (Mr. 

T. Cooverji Bhoja of 
Calcutta). 

Manganese . 

. M. L. 

200 

j 

: 3rd Septom- i 
her 1009, 

no years. 

Do. . I 

1 

(537) Ml. Madhnlal 
Doogar of Calcutta. 

Do. 

. V, L. 

195 

:ird July j 

1009. 1 

1 year. 

Do. . ' 

(538) Meaara. Jeasop and 
Company of Calcutta. 

Do. 

. P. L. 

I 

1 

loth July j 
1909. 1 

Do. 

Do. . j 

) 

(5S9) The Central India 
Mining Co., Ltd. 

Do. . 

. M. L. 

1 

63 

24th Jiinj I 30 years. 
1909. i 

Do. . i 

(540) The Central Prov- 
inces Proapecting Syu- 
diCHte, Ltd. 

Do. 

. M. L. 

42 

1 

22nd June ! 
1909. 1 

Do. 


K. L. denotes Exploring Liceitse : P. L.. Prospecting License ; 

and M. L., Minini 

Lease. 
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Paet 2.] La Toxtchb : Mineral Production for 1909. 

CENTKAL PROVINCES-cofl/rf. 


District. 

Grantee. 1 

! 

i 

Mineral. 

Nature of 
grant. 

Area in acres. 

Date of 
commence- 
ment. 

Term. 

Nagpnr 

1 

(541)Satak Manganese j 
Co. 

Manga ai'se . 

M.L. 

64 

16Ui August 
1909. 

30 years. 

Do. 

(542) Hon'ble Mr. M. B. 
Dad Ob hoy. 

Do. . 

P.L. 

705 

20Ui August 
1009. 

1 year. 

Do. 

(543) Do. do. . 

Do. . 

P. L. 

128 

Do. t 

Do. 

Do. 

(544) Messrs. Kassnni- 
bhoy Itamjoe (3o. 

Do. 

P. }j. 

28 

29th Septem- 
ber 1909. - 

Do. 

Do. 

(545) The Indian Manga- 
nese Mining Conipany, 
Lbi. 

Do. 

P. I-. 

72 

28th Auunst 
1909. 

Do. 

Do. 

(54G) Mr. D. Laxml- 
naray.au of Katn])tec. 

Do. . 

M. L. 

70 

21 st June 
IflOO. 

30 yean. 

Do. 

(547) Mr. SlmmlL Afadboji 

Copper 

P. L. 

53 

27th Septem- 
ber 19u(). 

1 year. 

Do. 

(r)4H) Mr. ■' Nowioji 

Pi' lion ji of Bombay. 

Manganese, galena, 1 p. L, 
molybdenum ; 
and lead. • 

1,310 

Do. 

Do. 

* 

Do. 

(54fl) Mr. Byratnji Pes- 
tonji of Baipur. 

Manganese, mica, 
bau.xile, galena 
and asbestos. 

jp.L. 

53 

20th August 
1909. 

Do. 

Do. 

(550) Mr. Shamji .Madlioji 

Manganese . 

P. L. 

238 

27th Septem- 
ter 1909. 

Do. 

Do. 

(5.51) Mr. D. Gungadbnr 
Bao. 

Do. 

:p.l. 

10 

10th July 

1909. 

Do. 

Do. 

i (.5.52) Mr. Byromji Pes- 
1 tonji. 

All minerals 

:k.l. 

3,825 

201 h August 
1909. 

Do, 

Do. 

j (553) Mr. G. M. Prichard 

Atnngaueso . 

; P. 1. 

46 

10th August 
1009. 

Do. 

Do. 

1 (554) Messrs. Bumprasud 
and Laxiniimrayan. 

Manganese, wolf- 
ram, tin and 
copper. 

P. L. 

20 

27th Septern- 
)>er 190!). 

1 Do. 

1 

1)0. 

' (.55.5) The Central India, 
Mining Co., Ltd. 

Manganese . 

M. L. 

j n‘.) 

24tli .Tune 
1909. 

1 30 years. 

Do. 

(r^.'-fllMr. T. B. Kan- 
: tharia. 

Do. 

i 

1 

P. L. 

; 150 

0th August 
1900. 

; 1 year. 

Do. 

i (5.57) Mr. P. ralkrishna 
! Naidn. 

Do. 

, J». L. 

1(K) 

Do. 

.Do. 

Do. 

(558) Mr. Vinaynk H/io 
Vaidya. 

Do. 

P.L. 

139 

; 2()t.h August 

1 1009. 

Do. 

Do. 

i (559) Mr. Byrainji Pos- 
i tonji. 

All minerals 

E. L. 

0.37 

i 

j 3rd July 1900 

Do. 

Do. 

: (500) Messrs. Schroder, 

; Smldt & Co. 

Manganese . 

i P. L. 

1 338 

1 

; 27tli July 1900 

1 

Do. 

Do. 

; (501) Messrs. K.K. Chnl- 
lany & Sou--. 

Mica . 

P. J.. 

; 107 

i 

1 

1 

17tli August 
1909. 

Do. 


I-;. L. (iRiioles Exploring l,i<viise : P. L., Prosppr-tlntfJJ.lpeusft ; 


and M,.L.rMininff Louse. 


nil 
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CENTRAL PROVINCES-cow/d. 


Dbtmct. 

Grantee. 

. 

Mineral. 

Nature of 
grant. 

Area In acres. 

Datoot 

comnicuco* 

moot. 

Term. 

Nagpur 

(562) The Central India 
Mining Co., Ltd. 

Wolfram . 

P. L. 


231 

30th 8eptem* 
ber 1909. 

1 year. 

Do. 

(563) Nagpur Manganese 
Mining ByndicaU*, Lid. 

Mangune.se . 

P. L. 


58 

27th July 
1009. 

Do. 

Do. 

(564) Mr. Dlmvrak Malji 
Qunpat Lall. 

Do. 

P. L. 


83 

6th March 
1909. 

Do. 

Do. • 

(565) Nagpur Manganese 
Mining Syndicate, J.td. 

Do. 

P. L. 


18 

15th July 1909 

Do. 

Do. 

(506) Messrs. Uatancliand 
Kcsrieliand Cliullnny 
& Suns. 

Do. 

P.L. 


58 

28ih August 
1909. 

Do. 

Do. 

(567) Mr. A. Hanraant 
llao. 

Do. . 

P.L. 


30 

20th August 
1909, 

Do. 

Du. 

(568) Mr. P. Balkrishna 
Naidu. 

Do. . , 

P. L. 


45 

0th August 
1909. 

Do. 

‘ Do. 

(569) Messrs. Sliawak* 
shah J an-set Ji Du bash 
and Bapuji Junisetji 
Du bash. 

All minerals 

E. L. 


45 

15th July 1009 

Do. 

Do. • 

(570) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 

R. L. 


109 

Do. 

Do. 

Do. 

(571) Mr. Byraniii Pcs- 
tonji. 

Do. 

E.L. 


072 

20th August 
1009. 

Do. 

Do. 

(572) M(!S8rs. Shn wak- 
shah Jainsetji Dutsish 
and Bapuji Janisctji 
Dubash. 

Do. 

E. L. 


97 

4tli August 
1909. 

Do. 

Do. 

(573) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 

E. L. 


97 

Do. 

Do. 

Do. 

(574) Messrs. P, S. Kutwal 
and S. R. Naidu. 

Manganese . 

P. L. 


112 

17th Novom- 
l)cr 1909. 

Do. 

Doi 

(575) Messrs. Radhakisan 
Brothers. 

Do. 

P.L. 


28 

91, h October 
1909. 

Do. 

Do. 

(576) Messrs. Schroder, 
Smidt & Co. 

Do. . 

P. L. 


111 

1)0. 

Do. 

Do. 

(577) Messrs. P. S. Kotval 
and S. R. Naidu. 

Do. 

P. L. 


108 

24th Novem- 
ber 1909. 

Do. 

Do. 

(578) Messrs. Raniprasad 
and liaxiiiinarayau. 

All minerals 

E.L. 


320 

22nd Decem- 
ber 1909. 

Do. 

DOb 

(579) Seth Dawak malji 
Oanpatlal. 

Manganese . 

P.L. 


31 

9th October 
1009. 

Da 

Do. 

(580) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 

P.L. 


140 

30th October 
1909. 

Do. 

Do. 

(581) Do. do. . 

Do. 

P. L. 


581 

loth Decem- 
ber 1000. 

Do. 

Do. . 

(582) Lala Bansilal Ealar 

Do. . . 

P. L. 


74 

Do. 

Do. 


i;,L. denotes Exploring License; P. I.., Prospeting License ; and M. L., Mining Lease. 
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La i’ouciifi: Miniral I’rodnction for 1909. 

CENTRAL PROVINCES-coirfd. 


District. 

Qrautcc. 

Mineral. 

jjfatuce of 
grant. 

Area in acres. 

Date of 
commcnco- 
nieut. 

Term. 

Nagpur 

(5831 Laia Bansilal Kalar 

MaiLganese. 

P.L. 


29 

lOtli Decern' 
ber 1990. 

1 year. 

Do. 

(584) Nagpur Manganese 
Mining Do., Ltd. 

Do. 

P. L. 


31 

17th Novem- 
ber 1909. 

Do. 

Do. 

(585) Mr. P. Balkrislina 
Naidu. 

Do. 

P.L. 


54 

10th Decem- 
ber 1909. 

Do. 

Du. 

(588) Messrs. Schroder, 
Sniidt d. Co. 

Do. 

P. L. 


94 

17th Novem- 
ber 1900, 

Do. 

Do. 

(r>87) Nagpur Manganese 
Miniu<( Syndicak, Ltd. 

All minerals 

E.L. 


6 

27th July 
1909. 

Do. 

Do. 

(588) Messrs. Bchrodcr, 
Smidt A Co. 

Mauganosc . 

P. L. 


68 

10th Decem- 
ber 1009. 

Do'. 

1)0. 

(58i)) Nagpur Manganese 
xMiiiiug Syndicate, Ltd. 

Do. 

P. L. 


190 

Do. 

Do. 

Do. 

(590) Do. do. . 

All minerals 

E. L. 


527 

30th October 
1900. 

Do. 

Do. 

(591) Do. do. 

Do. 

E. L. 


190 

9lh October 
li)09. 

Do. 

Do. 

(592) Do, do. . 

Do. 

E.L. 


168 

.7tli Novem- 
ber 1909. 

Do. 

Do. 

(503) Setii Balkrislma 
(OIL lichalf of liupcliand 
t^aibirain). 

Do. 

E.L. 


848 

Do. 

] 

Do. 

Do. 

(594) Nag])ur Manganese 
Mining Syndicate, Ltd. 

j Do. 

1 

E. L. 


195 

10th Decem- 
ber 1909. 

Do. 

Do. 

(595) Do. do. . 

! Bo. 

! 

E. L. 


72 

17th Novem- 
ber 1909. 

Do. 

Do. 

(.506) Do. do. . 

1 Do. 

1 

E. I. 


1 

Do. 

Do. 

Do. 

(597) Do. do. . 

j Do, 

E. L. 


92 

Du. 

Do. 

Do. 

(598) Do. do. . 

* Do. 

E. L. 

1 

128 

22nd Decem- 
! her 1909. 

1 

Do. 

Do. 

(599) Mr. Daraaha Muu* 
cherji Diiiigaji. 

Do. 

E.L. 

j 

. i 

184 

24tlt Novem- 
1 her 1909. 

1 

Do. 

Do. 

(600) Nagpur Manganese 
Mining Syndicate, Ltd. 

Do. 

j E, 1.. 

i 

j 

143 

i 

1 

1 

1 22nd Decem- 
ber 1909. 

Do. 

Aaipur 

(601) Mr. Batii Krishna 

1 Uupta of BiUspur. 

I Graphite . 

1 

1 P.L. 


J,355 

17th Febru- 
ary 1009. 

1)0. 

Do. 

(602) Mr. 11. K. Kauga . 

1 Do. . . 

1 P.L. 


1 124 

13 th March 
1909. 

Do. 

Do. 

(603) Do. do. . 

All minerals 

■ E. L. 

i 


j 2,381 

1 

loth June 
1909. 

Do. 

Do. 

(604) Messrs. Kassani' 
bhoy liauijco & Co. 

Lead . 

1 1*.L. 

! 


114 

5th June 1900 

Da 

Do. 

(605) Do. do, . 

All minerals 

1 E.L. 

1 

• 

114 

3rd May 1909 

Do. 


£. L. denotes Exploring License ; P. L., Frosi^ecting License : and M. L., Mining L^ase, 
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Records of the Geoloijiml Hvrecji of IndUt. 

CENTRAL PROVlNCES-coiicirf. 


[V()L. XL. 


Diatbicx. 

Grantee. 

Mineral. 

! 

1 

Nature of 
grant. 

Area in acres. 

Date of 
commence* 
iiient. 

Term. 

Raipur , 

(606) Messrs. Dyrainji 
Fesionji & Go. 

i 

j Ail nilnerals 

I E. L. 

2,466 1 

gSJ* 

C 

B 

eb 

lyear. 

Do. . 

(607) Do. do. . 

Do. 

|e.l. . 

707 

Do. . ! 

Do. 

Do. . 

(608) Messrs. Kassnin* 
bhoy llamjce A Oo. 

Do. 

i E. L. 

1 

025 

5th June 1000 

Do. 

Do. . 

(600) Mr. 11. K. Kaiigu . 

Mangaucse, coiil, 

1 iron, graphite 
and lead. 

i l\ L 

! 

2,381 

25th Septeiii* 
her 1900. 

Do. 

Saugor . 

(610) Gaiitpat JLui ; 

Shrikaiidc, Gopal Lino 
and Tlanikrislina llao 
Slirikande, retired 

E. A. C., and pleaders 
at Saugor. 

(Juld, silver, i 

eopper, coal, j 

iron and niiueral 
oil. 

i\ L. 

368 

1 

j 

loth March 
i 1000. 

Do. 

Seoul . 

(611) Messrs. .Schroder. 
Sniidt- A (.* 0 ., Calcutta, 
per L. De Sonza, Agent | 
and Attorney, Nagpur. I 

Manganese . . i 

F. J.. 

-16 

8th Septem- . 
her 1000. 

Do. 

Do. . 

(612) Messrs, A. C. | 
Bleehyndcn of Jiil)* j 
bulporo. 

All niineraW . | 

I 

E.L. 

Three whole ( 
villagtis of 1 
Kali ruth, | 
K. arhaiya | 
and Dun* 
giiria. j 

16th August 
1000. 

Do. 

Do. . 

(613) Mr. Kbiiiiji Cooverji | 

1 

Iron . 

F. L. 

2,202 1 

IStli Decem- 
ber 1000. 

Do. 

Wardlia 

(614) llao Bahadur | 

Kajurain Pant Dixit, j 

Cofil . 

i 

1 

F. L. 

2,715 ' 

27th April 
1000. 

Do. 


EASTERN BENGAL AND ASSAM. 


Chittagong 

(615) Messrs. Turner, \ Coal, oil, iron, etc. ! F. L. 
Morrison A Co., • (renewal) 

Calcutta. 1 

2,675 1 10th July ■ 1 year. 

' 1009. : 

Lakhimpur . 

1 ( 616 ) The Assam Hail- 1 Coal, iron, ete. . F. L. 
ways and Trading Co., 1 

Ltd., of Dibrugarh. j 

22,400 : ir>lh January j Do. 

1000. i 

Do. . j 

(617) Babu Sew Naraiu 1 Coal . . . F, L. 

Beria of Dibrugarh. i (renewal) 

9, Me-80 1st April 1909 1 Du. 

! . i 


MADRAS. 


Bellary . 

(618) South Indian 

Mining Syndicate. 

Manganese . 

. ; M.L. 

. j 1,591*29 

j 

18th May 1900 

30 years. 

Do. 

(610) S. Craushaw 

' 1 

All niinerais 

. ; E.L. 

. i The bod of the 

1 I'ungabadra 

1 running 

1 through the 

1 disteict. 

Otli August 
1909. 

1 year. 


£. L. deootiM Exploring License ; F. L., Prospecting License ; and M. L., Mining TiCase. 
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La Touciijs : MineTal Pr^dmUonyfor 


MADRAS-wnfci. 


DISI'RJUT. 

Grantee. 

Mineral. 

Nature of 
grant. 

Area In acres. 

i 

j Date 0 / 

' coniinence- 
ment. 

Term 

Coliiibaturc . 

(620) T. K. Veiikataramana 
Aiyar. 

Mica and other 
uiiiierals. 

1 

B. I. 

All Govern- 
ment waste 

5J6tli April 
■ 1909. 

i 

1 year. 





lands, in- 
cluding re- 







s e r V e ti 



Do. 

(621) G. V. Nanislan 

C 0 r u ti d u III , 

1*. L. 

forests. 

5.445‘UO 

Do. 

Do 

Do. 

(622) Do. do. . 

asliestos, gyp- 
sum, manganese;, 
crystals and 
precious stones. 











Mica 

P. L. 

211 •02 

Du. 

Do. 

Cuddapali 

(623) JlcarUsell & Co. 

Not given . 

B.L. 

Not giveu . 

February 190!) 

Do. 

Do. . 

(624) J.. B. Korwan 

Galena 

P. L. 

576-88 

25th J lily 

Do. 






1909. 


Do. 

(625) W. 11 . C. Beaden . 

Lead , 

P. L. 

64U ' 

3rd Septem- 

Do. 






ber 1900. 


Do. . I 

(626) T. 11. Tawker A 
Sous. 

Tin, lead, copper 
and iron ore. 

P. 1.. 

3U-liO 

24lh Decem- 
ber 1909. 

4 mouths. 

Do. . 1 

(627) P. Veiikutappa 

Lead . 

P.L. 

83*00 

loth OectMii* ! 

8 months. 

i 





ber 1909. 

Do. . 1 

(628) Bavadin A Co. 

Gold . 

P. L. 

135*77 

4th Novem- ' 

1 your. 






ber 1900. | 

Kistuu . . 1 

(620) South Indian Coal 
Milling Co. 

Not reported 

15. L. 

All Govern- : 
ment vjl- ' 

23rd Seldom- ! 
ber 1909, 

Do. 


\ 



lages. 


Kuruool . 1 

(630) A. Ghose , 

Diamond . 

P.L. 

2,267 

26th Febru- i 

Do. 






ary 1909. I 

Do. . ■ 

(631) Beardsell iS; Co. 

All minerals 

B. L 

AH Govi;i'n- : 

l8th January i 

Do. 





ment waste ^ 

1909. 1 


landu, iu- ; 
eluding re- I 
s <! r V I? d i 


(632) T. C. Swaini <fe Co. . Iron ore or any K. L. . j Not given . , ;»rh March i Do 
other metal or j looo, ' 


Do. 

. (633) Leon Tardival (iiy 

Agent). 

prec^ious stones. 
Diamonds, Itiad, 
zinc ores and 
barytes. 

P. L 

848-5 

9th Novem- 
ber 1909. 

Do. 

Do. 

. : (634) W. A. Beardsoll * 
Co. 

Manganese . 


P. L. 

600 

4t.h Decem- 
ber 1900. 

Do. 

Do. 

. ' (635) Sliaik Ma*ra Sahib 
A Co. 

All iiiineruls 


B. L. 

All UMocrupied 
lands. 

19th October 
1009. 

Do. 

Do. 

. (636) A. Ghose . 

Do. 


P.J.. 

2*18 

9th Novem- 
ber 1909. 

Do, 

Do. 

. (637) Abdul Karim 

Sahib. 

Barytes 

• 

P. L. .1 

374 

lath Decem- 
ber 1009. 

Do. 

Do. 

. (638) BeurdseU A Co. . 

Do. 


P.L. 

583 

2ud December 
1909. 

Du. 

Nellor-e . 

. ! (639) P. Venkatarama 

1 Nayiidu. 

Mica 


M. i. . i 
(putta land) | 

i 

15-88 1 

i 

4tb February 
1909. 

20 years. 


B. L. denotes ExplorljigLicPiiBe: P. Prospecting License ; andM. L, Mining Lease. 
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DI8TWCT. I Grantee. 


I (040) D. Venkata Rao . ' Mica 
! ; 
j (641) L. Chonga Reddi . ' Do. 

I (042) K. Krislmaswanii I Dn, 

1 Mudaliyar. 

! (843) K.Ii Clietti ^ I)q. 
j J'enclial Rcddi. 

(644) K. Krislijiaswaiiii ^ Di\ 
Mudaliyar. 

(645) Y. Vonkat4i»iU)bi.ili Do. 
and twooMiers. 

(640) B. Chenchii Raniiah J)n. 


and r. Venkata- ! 
subbiali. i 


Roddi. I 

(649) Mubaininad Fasi!- Do 

uddin Sahib. 

(650) K. Adiiiurayanti Do. 

Reddi. 

(651) Y. Veukataaiibbiah Do. 

(652) Muhaniiniid Asar* Do 

uddin Ahmad Sahib. 


Do. . 

(653) P. Bularama Reddi 

Do. . 

(654) Muhammad Badslia 
Sahib. 

Do. . . 

(655) Muhammad Asa- 
uddin Ahmad Sahib. 

Do. . 

(656) George EUegan 

Do . . 

(057) K. Panchal Reddi 

Do. . 

(058) Y. Adeiiia . 

Do. . • 

(859) Madras Mica Ex- 
port Co. . 

Do, . 

(600) Do. do. . 

Do. , 

(661) Do. do. . 

Do. . 

(602) P. Venkataruma 
Nayudu. 


Mineral. 

^ Nature of 
grant. 

Area in acres. 

Date of 
coininence- 

Term. 




mout 


Mica . 

M. L. 

28*82 

1st November 

20 years. 




1008. 

Do. . 

M.L. 

18*80 

12th Fehru- 

30 years. 




ary 1900. 

Do. . 

P. L. 

12*92 

25111 Febru- 

6 months. 




ary 1009. 

Do. . 

, P. L. 

13*13 

12th March 

1 year. 




1909. 

Di\ . 

P. L. 

14*00 

8th March 

0 months. 




1900. 


Do. . . 

M. L. 

! (patta laud) 

303*01 

17th January 
1009. 

i 

1 20 years. 



i p. L. 

1 

70*21 

14th April 

1 year. 


1 


1909. 

Do. . 

i M.L. 

1 (patta land) 

1 

2*75 

20th Juno 
1900. 

20 years. 

Do. . 

1 

; M. I. 

0*20 

14th April 

30 years. 


! 


1909. 

Do. . . . 

j M. L. 

12*30 

20th March 

Do. 


i 


1909. 


Do. . . . 

i P.L. 

i 

25*62 

2nd May 1909 

1 year. 

Do. . . . 

i M. L. 

1 (patta land) 

7*6 

I4th April 
1909. 

i 

20 yc,ars. 

Do. . 

i P. L. 

15*17 

1st May 1900 

1 

1 year. 

Do. . 

; P.L. 

12*00 

j 

00th June j 

Do. 




1909. ! 

D.. . .| 

jP.l.. . 

13*98 

2nd May 1909 | 

Do. 

Do. . . . ! 

P. L. 

19*72 

1 

1 

26th May 1900- 

Do. 

Do. . . . : 

P.L. . 

1 

142*88 

j 

26th April 

Do. 




1909. 


Do.. . .1 

P. L. . 1 

12*37 

20th Septem- 

Do. 

i 

( 


ber 1900. 


Do. . . . 1 

M. L. . j 

1*28 

(patta land) 

7th Septem- 
ber 1900. 

20 years. 

Do. . . . ; 

p... .| 

56*66 

22nd August 

1 year. 


1 


1909. 

Do.. . 

P.L. . I 

70*20 

17th July 1909 

Do. 

Do. . . . ! 

P.L. . j 

42*21 

Do. 

Da 

Do. . , . I 

i 

P. L. . j 

13*25 . 

22ud Septem- 

Do. 

1 

i 


ber 1009. 



*.l.de«ote.Eipto„gI,iee,«,; P. t., Pr<»pccttag , andM.L..MtaingI««e. 


La I’occiiE; Mineral Production for 1009. 
MADlUS-concW. 


i?AET 2 .] 




District. 

Qranlee* 

Mineral. 


Mature of 
grant. 

Area in acres. 

Date of 
commence- 
incut. 

Term. 

Eelloro . • 

(66;i) G. lUcgan . 

Mica . 


P. L. 

10‘86 

25th July 1009: 

1 year. 

Do. • • 

(664) Do. do. . . 

Do. . 


P. L. 

10‘45 

Do. 

Do. 

Do. . 

(665) Do. do. . 

Do. , 


P.L. 

]2'62 

Do. 

Do. 

Do. . 

(660) Do. do. . 

Do. . 


P. L. 

3657 

Do. 

Do. 

Do. . 

(067) Do. do. . 

Do. . 


P. L. 

20*75 

Do. 

Do. 

Do. . . 

(668) Muliainiiiad Asai' 
uddln Saiiib. 

Do. . 


E.L. 

All uiioccii- 
l>ied lauds. 

2ud August 
1909. 

Do. 

Do. . 

(660) K. Adinamyan 

Acddi. 

Du. . 


E.L. 

Do. 

29th August 
1909. 

Du. 

Do. . 

(670) B. Bularatni llcddi 

Do. . 


M. L. 

23*35 

10th Decern* ' 
ber 1909. | 

30 years. 

Do. . 

(671)P.Penchaltteddi . 

Do. . 


M. L. 
(renewal) 

67*62 

20th Septem- 
ber 1009. 

27 years. 

Do. . 

(672) K. Adiuarayana 
Jleddl. 

Do. . 


P. L. 

1 

23*00 

11th Decern- i 
ber 1009. : 

1 year. 

Do. . 

(676) N.Obula llcddi . 

Do. . 


M.L. . j 

26-41 

j 

22nd Decern- j 
ber 1909. 

30 years. 

Do. . 

(674) J. Balarainl Reddi. 

Do. . 


M. L. 

(extension) 

1 47*00 

4th Decern- ■ 
ber 1909. j 

27 years. 

^ <b. . 

(675) V. Venkata Sub- 
bayya Nayudii. 

Do. . 

, i 

E.L. 

1 All IIEOCCU* 

1 pied lauds. 

25th October i 
1909. 

1 year. 

Dn. . 

(676) G. Subrainanyani . 

Do. . 


P, L. 

1 11-20 

4tli October I 
1909. 

Do. 

alciii . 

(677) Chamber <fe Co. . 

Do. . 


P. L. 

12-97 

30th January 
1909. 

Do. 


(678) A. T. Tiruvengadn- 
swaiiii Mudaliyar. 

Corundum 

ehrmiiitc. 

and 

P. L. 

1 107*04 

Isb May 1009 , 

Do. 

South Canara . 

(670) Kajec Ismail Sahib 

Coal . 


E. L. 

1 Whole Taluk 

3Uth July'1900 

Do. 

Tiniicvcliy . 

(680) Madura Co. . 

All minerals 


E. L. 

; 7,277 

1 

12th Decem- 
ber 1909. 

Du. 

Trichinopoly , 

(681) Lwn Tardival's 
Agent, Mr. A. Ghos(% 

Phosphatic nodules 
and gyi)8um. 

P. L. 

! 4,522*77 

i 

29th Septem- 
ber 1009. 

Do. 


NORTH-WEST FRONTIER PROVINCE. 


Hazara . 

; (682) R. S. Rocha Ram ; Coal . 

& Sons, Contractors, 1 
: Abbuttabad. 

. I M. L. . 

19 '4 

•1th June 1009 

‘dO years. 

Peshawar, 
Kohat and 
Bannu. 

; (683) The Burma Oil Oil . 

1 Co., Ltd. 

1 ^ 

i i 

.;e.l. 

.British 
diatrlciit of , 
Peshaw a r, j 
Knhat and | 
Bannu, 

1 21st April ; 
1900. 

1 year. 


E. L., denotes Exploring; License ; P. L., Prospectioj^ License ; and H. L., Mining Lease. 
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PUNJAB. 


District. 

tirantoe. 

\ ~ 

Mlnoral. 

Natiiir of ^ 
grant. 

Area in acres 

1 Dnteot 

{ COlUllJCUCC' 

j ment. 

i 

Term. 

•Ihelum . 

(084) FanlitfiholaNuUi 

Coal . 

V. id. 

55 

! 20th July 
i 1900. 

1 year. 

Do. . 

(08;))Lala Tliakur Das 
Kainjee Das. 

Do. . 

V. L. 

02*88 

1 

1 Srd October 
1909. 

Do. 

Mianwali 

(086) Lula Briiidabau . 

Do. . 

1 

1 

1*. L. 

1,‘2j0 

! 1st Septetn- - 
her 1900. 

Do. 

Du. 

(687) Do. do. 

Do. . . . 1 

1 

Uencwal of : 

V, L. . 

1,548 

; 20th Septum- ' 

; her 1909. 

Do. 

Sliahpur 

1 (088) Arjan SiriKli of 
‘ KainirMiiila. 

Do. . . . 1 

P. L. 

106*19 

: 30th June ! 

. 1900. 

Do. 

Do. 

1 (68'.1) Dn. do. 

Do. . . . : 

P. L. 

5iO*66 

Do. 

Do. 

Do. 

1 (000) T’ir riiuu Vir 

i 

Do. . . . ‘ 

Paiicwal of 

I*. L. 

624:1125 

j *Jrd January ^ 
1900. j 

i ' 

Do. 


UNITED PKOVINUES. 


JliauHl . 

1 

. (601) Messrs. Diiiu Xalh 

and Dll ray Lai 
Shrivusiavu. 

Copper, lead, 

silver, micA and 
otiior minerals. 

1 *. 1 .. 

138*52 

25t!i .'anuary 
iOUO. 

1 year. 

Do. . 

. (692) Do. do. . 

Do. 

P. L. 

l,407*;i8 

16t!i October 
1009. 

Do. 

Do. . 

. (603) Do. do. . 

Do. 

P. L. 

548 

Do. 

Do. 


SUMMARY. 


I’R'IVIVOES. 


Prnspcctiug 

Kxploring 

'd iniuu 

Total of uacli 


Licenses. 

Licenses, 

Leases. 

province. 

Daluciilstan 


4 


15 

19 

Dcngal 


11 


1 

12 

Bombay 


10 

1 

3 

17 

Burma 


'* 

10 

5 

1:7 

Central Provincos 


245 

107 

37 

380 

Bastern Bengal and Assam .... 


.3 



3 

Madras ....... 


38 

l‘J 

14 

! 

j 64 

North-West Frontier Province 



I 

1 

! 

Punjab 


7 



i 

i 7 

1 

United Provinces 





1 

1 * 

Total for each kind and Grand Total, 

1009 

1 

304 

143 

1511 

603 

Tot&l$ for im 

•1 

508 

237 

71 

m 


£. iliiOOtM Exploiiug Licoinw ; P. t,, Frotpeaing Licasso ; and M. I.., Mining Lmw. 






Part 2.] La ToiicnE: Mineral Produel ion for 1909- 


CLASSIFICATION OF LICENSES AND LEASES. 

Table 21 . — Prospecting and Mining Licenses granted in Baluch- 
istan during 1909- 

1909 . 

No. I j Miiifi'fll. 

I rtcrc«. 


Prospecting Licenses. 

1 I -190 I 

2 I 12,800 I Do. 

1 I 1,280 I Do. 

Total 4 1 . . I 


QuettM-Pirfliin 

Du. 

Sibi 

Zfml) 



KmI.-iL 

JSihi 



Tablio 22. PiospevUng and Mining Licenses grantee 
during 1909, 

i in Bengal 


— 

1909. 

District. 



' 


.No. 

Area m 

Mineral. 



acres. 


Prospecting Licenses 



lifi/avibagh 

5 

780 

Alioji. 

Do. 

.1 

2,000 

Dther minerals. 

kSaiubalpiti- 

1. 

424- 88 

Coal. 

Sinirlibbiim ...... 

1 

2,291*20 

Chi 0 mi to. 

Do. 

1 

j 2,210 

Cold. 

Do. • 

1 

1 2,112 1 

Maiigiincse. 

Total 

II 

•• 

1 


Miniajs Leases. 


Siughbhum 


1 


1,920 


1 roil oie. 
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Table 23. — Pmspeclinrj and Mining Licenses granted in Bombay 

during 1909, 



. 


1000. 


Distiuct. 

No. 

Area in 

Mineral. 




acix^s. 


Prospecting Licenses 

• 


Belgaiim . 

...... 

3 

1,572 

Mangancfic. 

Bijapiir . 


1 

7i'>5 

Asbestos. 

Do. . 


1 

1,992 

Gold. 

Kanara . 


2 

2,802 

Manganese, etc. 

Hatiiagiri . 


1 

.lOH 

Chromite. 

Do. . 


1 

«32 

Graphite, etc. 

Do. . 


J 

47.') 

Mica and coal. 


Total 

10 




Mining Leases. 



Dliarwai' . 

...... 

2 

; 2,.S83 

Gold. 

Faiich Mahals 



1 

1 401 

Manganese. 


Total 


j 

i 


Table 24.- 

--Prospecting and Mining Licenses granted in Burma 


during 1909, 






1909. 

Distbict. 

No. 

Mineral. 

acres. 


Amherst . 
Houzada . 

Do. . 
Katha 

Lower Chindwiii 

Magwe 

Mandalay. 


Prospecting Licenses. 


i 


1 

2 

1 

1 

1 

4 

1 


309*14 

5,120 

1,920 

2,880 

14*09 

16,643 

484*8 



Antimony. 

Coal. 

I*ctrolcuin. 

Copper. 

Iron pyriicB. 
PctroJcum. 

All minerals ex- 
cept petro- 
leum. 


Carried over 
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Table 24. — Prospecting and Mining Licenses granted in Burma 
during 1909 — contd. 




1909. 

District. 

No. 

j , 



j acres, j 


Prospecting Licenses — contd. 



Brought forward 

. 1 

11 



Mandalay. 





1 

2,500 

Copjier, etc. 

Do. 





1 

2,500 

Lead, ete. 

Do. 





1 

1,280 

Silver. 

Mciktila . 





1 

7,080 

Petroleum. 

Do. 





2 

2,500 

Lead and coi)per. 

Do. 





1 

2,880 

Coal. 

Morgui 




• i 

1 

0,202' 88 

Tin. 

Do. • 





9 

10,000 

Tin and gold. 

Do. . 





1 

2,011-2 

Coal. 

Minbu 





2 

4,480 

Petroleum. 

Myingyaii 





10 

19,194 

Do. 

Myitkyina 





1 

040 

Copper, ete. 

X. Shan States. 





1 

502*05 

Coal. 

Do. 





2 

952 

Lead, silver, etc. 

Pahokku. 





9 

17,920 

Petroleum. 

Prome 





2 

80,380’ 8 

Do. 

Sjigaing 





i 1 

5.50' 90 

Iron ore. 

Salween . 





2 

5.700 

Lead and silver. 

Shwebo . 





1 

.320 

Iron ore. 

S. Shan States . 





2 

4,8(K) 

Copj)cr, ete. 

Do. 





1 

3,200 

Lead, copper, etc. 

Do. 





2 

.5,120 

Wolfram. 

Tavoy 





i 2 

3,520 

Tin, wolfram, etc. 

ThaUui . 





2 

ii,400 

Cold ete. 

Do. . 





1 

2,r)iK) 

licad and silver. 

Touiigoo. 





2 

4,.549 

Lead, silver, etc. 

Upj)cr Cljindwin 





1 

5,700 

Pehx)lcun? 




Total 

• 

73 

•• 



Mining Leases. 


Bliamo ....... 

1 

1,508 

Cold. 

Magwo ....... 

1 

(188 

Petroleum. 

Pakokku. ...... 

1 

1,289 

Do. 

S. Shan States .... 

1 

7’38 

Leaii and silver. 

Upjwr Chindwin . . . . • . 

1 

1,920 .? 

Coal. 

Total 

5 
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Table 25 . — Prospecting and Mining Licenses granted 

Provinces during 1909. 

[VoL. XL. 

in the Central 

1 

1 

1909. 

District. 


- - 


No. 

Mineral. 


1 acres. 


Prospecting Licenses. 


Baliighat ....... 

21 7;383 

Manganese. 

Do 

1 285 

Mica. 

Botul ....... 

r> 9,391 

Coal. ' Ji;. 

Do 

1 8,890 

Coal, copper, etc. 

Do 

2 010 

Crafihite. 

Do 

I 148 

Manganese. 

Bhatidani. ...... 

70 14,328 

Do. 

Do 

1 1,300 

Manganese, tin. 



etc. 

Chanda 

2 4,3.39 

Coal. 

Chhiiulwara ...... 

2 5,881 

Do. 

Do. 

0 890 

Manganese. 

Drug 

1 107 

Lead and quick- 



silver. 

Jubbulporo 

2 ' 003 

Bauxite. 

Do. 

ti 1,13.5 

Mangfinese. 

Do. 

2 003 

Manga no.so and 

i 

. 

iron. 

Do. 

1 0.33 

Iron. 

Do. 1 

1 81) 

Coal. 

Do. ...... 1 

2 803 

Soapstone and 

j 


talc. 

Nagpur 

m 15,080 

Miingane.se. 

Do ! 

12 3,8.50 

Manganese and 

} 

■ 

other minerals. 

Do 

2 317 

Lcful oi(\ 

Do i 

1 53 

Copper. 

Do ; 

1 107 1 

.Mica. 

Do 

1 231 1 

Wolfram. 

Raipur . . . • i 

2 1.179 i 

(Ir{ii)hiie. 

Do : 

1 114 i 

fiCacl. 

D.>. : 

1 2,38' 

Mangani se, etc. 

Saugoi* . . . . . . j 

1 308 ; 

(lold, silver, etc. 

Sooiii . . ..... 1 

1 Mi 

i Manganese. 

Do i 

1 2,292 i 

i J ron ore. 

Waff 1 ha . . . . . . . ! 

1 2.715 

! Coal, 

Total 

245 



Mining Leases. 


Balaghat ....... 

5 

257 

Manganese. 

Bhandaia 

17 

1,801 

Do. 

Chhindwar.i .... 

2 

41 

Do. 

Jiibbulpoiv ..... 

1 

49 

Gold, silver, cop- 
|»cr and lead. 

Nagpur 

12 

761 

Manganese. 

Total 

37 

i 1 
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Table 26. — Prospecting Licenses granted in Eastern Bengd and Assam 

during 1909. ■ 




1909. 


DisrBiCT. 

1 

No. 

1 

Area ill | 
acres. i 

Mineral. 

Ohittagong 

Lakhimpur 


1 

2 

2,B7r> ' 
31.91(1 

Coal, oil, ole. 

Coal, etc. 


Total 

3 i 

J 



Table 27 . 

--Prospectimj and Mining Licenses granted in Madras 
during 1909. 




1909. 


District. 



No. : 

Area in 
acres. 

Mineral. 


Prospecting Licenses. 


Coimbaloro 

Do. ^ 
CiuJdapjih. 
Do. . 
Du. . 
Kuniool . 
Do. . 



1 

1 

1 

1 

i 

1 

r),44r)-90 

211*92 

1.299-88 

30*00 

I3rr77 

2.:’i)7 

81K’u 

(’Joniiidum, as- 
bestos, t‘te. 
Mica. 

Lead oit*. 

Tin, lead, etc. 
Cold. 

Diamoiids. 
Diamomls, lead, 

Do. . 
Do. 

Do. . 
Nolloro 

Saloni 

JhK 

Trie li ill u]w»l> 


1 

2 

J 

'.'2 

I 

1 

1 

000 

!>r)7 

2*18 

075 

J2*97 

107*04 

4,.522-77 

Manffanesi'. 

Baiylep. 

All minerals. 

Mica. 

Do. 

Conmdnni and 
eriromile. 

PlK)aphatic nod- 
ules and gyp- 
sum. 


Total 

38 




Mining Leases. 



Bell ary 
Nelloro 

• 

1 

1,591-29 

551-92 

1 Manganese. 

! Miea'. 


Total 

14 
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Table 28 . — Mining Leases granted in the North-West Frontier Pro- 
vince during 1909, 


District. 

1 

No. 



Area in 
acres. 

Mineral. 

Hazara 

J 

19-14 

Coal. 

Table 2^,—Prosfecting Licenses granted in the Punjab during 1909, 

District. 

No. 

, 

Area in 
acres. 

Mineral. 

Jhelum 

2 

147*38 

Coal. 

Mianwali ....... 

2 

2,798 

Do. 

Shahpur 

3 

700* 10 

Do. 

Total 

7 i .. 


Table 30 . — Prospecting Licenses granted in 

the United Proxyinces 

during 1909. 



District. 

No. 

Area in 
acres. 

aM inoral. 

Jhansi 

3 ; 

2,093*9 ! 

1 

Copper, lead, etc. 

Table 31 . — Summary oj concfssions granted 

in Ocvernmciit lands 

during the ten years 1900-1909. 


r 

1 

Y^ear. j 

j 

Milling and : ' 

Prospecting 1 Totai.. 

Licenses, i j 

1900 

61 

11 

72 

1901 

89 

15 

104 

1902 

89 

16 

105 

1903 

84 

16 

loo 

1904 j 

J2> 

26 

161 

1905 

145 

44 

189 

1900 

211 

41 

262 

1907 ' 

639 

61 

600 

1908 

579 

1 237 

816 

1909 i 

i 

550 

i 143 

i 

j 692 
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Pati $ {/9Ui of ol th« Lowef GoaftrarS. * Atgarli ^dstonw^ n«« Oattacfc 

fo«ril flom ia ladia* Natf w ton mammali frw th« ® 

North'^Siiatam EaJraUaa. Boringa iot ooal la India. O^logv of In^a. 

{out of pti»().-^Tdrtaa^ *one and underlying rocks in North-West fiwi 

floras ih India, Erratics in Potwar. Coal exploration in DayWmg district, 
stones in neighbourhood of Barakat. Porms of biowing-maohine used by sttitha of 
Upper Aaiufcin. Analyses of Banigasu coals. 

Pott i.«-'*<3eology of Mahanadi basin ana its vicinity. Diamondsi golds, and lead ores of 
Sambalpur district. * Biyon Comp, fiarrovensis,* McCoy, from Sriperm^ur group 
near Madras. Fossil floras in India. The Blaini group and * Chiral Gneiss in 
Simla Himalayas. Tertiaries of North-West Punjab. Genera Cbosromeryz and 
Rhagatherium. 

VoL. XI> 1878. 

Part L — Annual report for 1887. Geology of Upper Godavari b^n, between rivw 
Wardha and Godavari, near Sironcha. Geology of Kashmir, Kishtwar, opd Pan^i. 
Siwalik mammals. Palaeontological relations of Gondwana system. ^Erratics lo 
Punjab.' 

Part y.-*Qeology of Sind (second notice). Origin of Kumaun lakes. Trip over MUem 
PabS, Kumaun. Mud volcanoes of llamri and Cheduba. Mineral resources of Bamri, 
Cheduba and adjacent islands. 

Part y.—Uold industry in Wynaad. Upper Gondwana senes in Trichinopoly and Nellore- 
Kistna districts. Senarmontite from Sarawak. 

Part ^.—Geological distiibution of fossil organisms in India. Submerged forest on 
Bombay Island. 

VoL. XII, 1879. 


Part 7.— Annual report for 1678. Geology of Kashmir (third notice). S'walik mammalia. 
Siwalik birds. Tcut through Hangraug and Spiti. Mud eruption in Bamri Island 
(Arakan). Braunite, with Ithodonite, from Nagpur, Central Provinces. Palaeontologi- 
cal notes from Satpura coal basin. Coal importations into India. 

Part y.— Mohpani coal-field. Pyrolnsite with Psilomelane at Gosalput, Jabalpur district. 
Geological reconnaissance from Indus at Kushalgarh to Kurram at Thai on Afghan 
frontier. Geolo^ of Upper Punjab. 

Part S , — Geological features of northern Madura, Pudukota State, and southern parts of 
Tanjore and Trichinopoly districts included within limits of sheet 80 of Indian Atlas. 
Cretaceous fossils from Trichinopoly district, collected In 1877-78. Sphenophyllum and 
other Equisetaceie with reference to Indian form Trizygia Speciosa, Boyle (Spheno- 
phyllum Trimla, Ung.). Mysorin and Atacamite from Nellore district Corundum 
from Khasi Hills. Joga neighbourhood and old mines on Nerbudda. 

Part .f.— * Attook Slates ' and their probable geological position. Marginal bone of nnde- 
scribed tortoise, from Upper Siwaliks, near Nila, in Potwar, Punjab. Geology of 
North Arcot district. Bead section from Murree to Abbottabad. 


Vot. XIII, 1880. 


Part U — Annual report for 1879. Geology of Upper Godavari basin in neighbourhood of 
Sironcha. Geology of Ladak and neighbouring districts. Teeth of fossil fishes from 
Bamri Island and Punjab. Fossil genera Noggerathia, Stbg., Kdgrorathiopsis, Fstm., 
ard Bhiptozamites, Scnmalh., in pu<eozoir and secondary rocks of Europe, Asia, and 
Australia. Fossil plants from Kattywar, Shekh Budin, and ^rgnjah. Volcanic loci 
of eruption in Konican. 


Pari f.— Oeoiugical notes* Palaeontological notes on lower tries of Himalayas, Artesian 
wells at Pondicherry, and possibility of finding sources of water-supply at Madras.. 

Part y.— Kumaun lakes. Celt of palceolithic type in Punjab. Palieontobgical notes from 
Karharbari and South Bewa coal-fields. Correlation of Gondwana flora with other 
floras. Arlesian wells at Pondicherry. Salt in Rajputana. Gas and mud eruptions 
on Arakan coast on i2th March 18^ and in June 16^. 


Part .f.— Pleistocene deposits of Northern Puniab, and evidence they afford of extreme 
climate daring mi tion of that period. Useful minerals of Arvali region. Correlation 
of Gondwana flora with that of Anstralian coal-bearing system. Beh or allmli soils 
and saline well waters. Beh soils of Upper India. Nsini Tal lend^p, ISth l^teiD- 
ber 1880. 


VoiM XI7. 1881. 


Posti i.-— Annual report for 1880. Geology of part of DarditUn, Baltistaa, and neliAboar- 
ing districts. Siwalik carnivora. MwaliT group of Sub-HimMam Mi^^ 
Bevrah Gondwana basin. Femsinous beds associated with baialUe north* 

eastern Ulster, m relation to Indian Uterite. Bajmshul plants, TrtiTelled Mocks of 
the Puniab. ^pen^x to * Palirontological notes on lower tries of Bimeleyas,' Mm- 
mailMi fossils from Perim Isumd. ^ 

a 





k' io Ndt^‘WMi(«4 

k M* of Trwdw to Tibrtk ^ Uiia«H[ 1 




•ad duMjt ftwtt ^Ita^ iato«», Majpntatwi irtto tanMkg «ll 

Ztoo^ (Wifttawrito Mid Mmde) wito biw;lM u lEwdnd dijrtmi^ 

to W^,aif .* ^ 


Pojri l.-^viSsSilaon df i^lfllgicaj ijomenolattite an^ oaftogiftphy. ©eology ot ArvftM 


aiWituM) from uaUio:i«ie to Fafigi, v 
Mttiidrgad lotoit on Bombay Island, 


Voc. XV, 1882. 


1 Uut of |»rm^).-^Aimi»l report lor 1881. Geology of North- West Kashmir and 
Khagan. Gondwana la^rinthodonts. Slwalik and Jamna mammals. Gsology of 
Palhonsie, North-West Himalaya Palm leases from (iertiai^g) Murrea and Kasanli 
beds in India. IridoSmfne from Noa^Bihing river. Upper Assam, and Platmum from 
Ohntia Nagpnr. On (1) copper mine near xongri bill, JDarjiling distriot; (2) arsenical 
pyrites id same neighbourhood^ (3) koalin at Darjiling Analyses of coal and fire-^y 
from Makum coal held. Upper Assam. Experiments on i*Gdl of Find Dadun Khan, 
Salt^range, with reference to production of gas, made April 2dth, 1881 Proceedings 
of International Congress of Bologna. 

Pofi $ (ouf of mint).— Geoloip^ of Travancore State. WarkiUi beds and reported asso- 
ciated deTOSits at Qttilon, in Travancore. Siwalik and Narbada fossils. Coal-bearing 
rocks of Upper Eer and Mand rivers In Western Ghntia Nagpur. Pench river coal- 
field in Ohhindvrara district, Central Provinces Borings for coal at Engsein, British 
Burma. Sapphires in Northwestern Himalaya. Eruption of mnd volcanoes in 
Chednba. 

Part g.— Coal of Mach (Much) in Bolan Pass, and of Sharigh on Hamal route between 
Sibi and Quetta. Oi^tals of stilbite from Western Ghats, Bomb^, Traps of Darang 
and Mandi in North-Western Himalayas Connexion betwern Hazara and Kashmir 
series. Umaria coal-field (South Eewah Gondwana basin) Daranggiri coal-field, 
Garo Hills, Assam. Goal in Myanoung division, Henzada district. 

Part i (out of pnnt ), — Gold fields of Mysore Borings for coal at Beddadanol, Godavari 
disiriot, in 1874. Supposed occurrence of coal on Kistna 


Vot. XVI, 1883. 

Port f —Annual leport for 1882 Hichthofema, Kays ( Anomie Lawrcnciana, Koiinck) 
Geology of South Travancore Geology of Chamba. Basalts of Bombay. 

Part A— Sj^opsis cf fossil vertebrata of India Bijori Labyrinthodont. Skull of Hippo 
thetium antilopinnm. Iron ores, and subsidiary materials for manufacture of iron. In 
north-eastern Mt of Jabalpur district. Laterite and other manganese ore occurring 
at Gosulpore, Jabalpur district TTmnria coal field 

Part A— Microscopic structure of some Dalhonsie rocks. Lavas of Aden Probable ocour- 
renoe of Siwalik strata in China and Japan Ma<<todon angustidens in India. Traverse 
between Almora and Mussooreo Cretaceous coal measures at Borsora, b Khasia Hills, 
new Tioonr, in Bylbet. 

Part i •«-*PalBSontological notes from Daltotiffani and Hutar coal-fields in Ghota Nagpur. 
Altered basalts of Dalhousie region in North-Western Himalayas, Micfoscopic S^c- 
bre of epme Sub HhUalayap rocks of tertiary age. Geology of Jaunsar and Bower 
Himalayaa. Traverse through Eastern Eharia, Jalniia^ and North Ca^ar Hi^. 
Native wad from Maulmain and chromite from the Andaman Islhpda. Every eruption 
from one of mhd volcanoes of Cheduba Island, Arekan. IrrigaUon from wella in 
Nortb-^Westem Provinces and Oudh 


Vot. XVII, 1884. 

Pert /.—Annual report fur 1883. Smooth wgter anchorages ot mudi-banlrs of NaVpake} 
^ppy «i Tr»»««»re ewrt. Bill* Sutswn iwa AtW «*vh to 
GMogy ^ C^aaii m> 4 Stoitoto twTKWM 6| OtowiH. FlMiJSlMl^ ** Xf 

Part A<^EartH«^lm of 31st Ue^ber 1881, Mi^pHwcepip strig^img Vf tiymo 


serias of Kashmir. 


BHr* Intwbapfwib bads in 


v'< '' - 
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iqst iBGMf. ConnliiSr b«tw«6iijybigmi^ oMl-ildUi sad iQrtas rhif. 
Qsidagi^l df (^oaaky Slngsr^ fsoJ-flstd sad Bydarslisd. CodI sad 

htaMfim an XMgnmg rivsr ass* QolagbS^ Asiaai. Homotssu, ss iUaBirsted ftooi 
{adisa fonaatifiiis. Afghsa field notes* 

l^ort eedee In hotwet Bimslsya» GktfhwsL Age of Msndhsli eetiee ia 

3U)wer Bteslsys. fiiwslik oaind (Osmelne Antiqnne, nobis ex Fsla sad Osutw MS.). 
Geology ol OnsBkba. Probability of ^obtaining watw V means of artesian wells ia 

K i of Upper India. Artesiaa sources ia plainB of upper India. GeOogy of Aka 
Allied tendency of Arakan mud volcanoes to burst into ertEp&on moot 
f regnantly dorlag raiaa Analyses of pbosphatio nodules afid rock from Mnssooree* 
Part A--*Ge(aogy of Andaman Islands. Third species of Merycopotamua. Peroolatioa as 
affected by current. Firtballa and Ohandpnr meteorites. OU-wells and coal in 
Tbayetmyo district, British Burma. Antimony deposits in Manlmain district. Kasb- 
mir earthquake of 30th Mj^ 1805. Bengal earthquake ol 14th 
PM f.«-*Geologfoal work in Cnhaitisgarh division of Central Provinces. Bengal earths 
quake ol l4th July 1886. Kashmir earthquake of 30^ May 1885. Bzcavations in 
Bflia Surgam eaves. ^ Nepaalite. Babetmahet meteorite. 


Von XIX, 1886. 

Part I.>*-Annnal report for 1886. International Geological Congress of Berlm. Fakmsoie 
Fossils in Olive group of Salt-range CorreUtion of Indian end Australian coal- 
bearing beds Afghan and Persian Field notes Section from Simla to Wangtu, and 
petrological character of Amphibolites and Quaita Biorites of Sutlej valley. 

Part f.--Geobgy of parts of Beuary and Anantapur districta, Qeologjr of Upper Debing 
basin ia Singpho HiUs. Microsoopio characters of eruptive rocks mm CHmtrsl Hima- 
layas Mammaha of KarHul Caves, i respects of finding coal m Western Rajputana. 
OBve mronp of Salt-range. Boulder-beds of Salt-range. Gondwaoa Homotazis. 

Part A^^-Gmogical sketrii of Visagapatam district, Madras. Geobsy of Northern Jesal- 
mer. Microscopic structure ol Malam .rocks of Arvah region, Malanjkhandi copper- 
ore in Balagh^ district^ G. P. 

Part A {out of pnat).— Petroleum in India. Petroleum exploration at Khdtan. Boring in 
Ohhattifgarh ooabfields. Field-notes from Afghanistan : No. 3, Turldstan. Iwy 
eruption frpm one ol mud volcanoes of Cheduba Island, Arrican* Nammianthm 
aerolite, Abalysia of gold dust from Meza valley, Upper Burqsa. 


Voa. XX, 1887. 

Part f .^Annual report for 1886. Field-notes from Afghanbian : No. 4, from Turidstau 
to India. Physical geobgy of West British Qarhwal ; with notes on a route traversed 
throng Jeunsar-Bawa* and Tiri^Garhwal^ Geobgy of Giro Bills. Indian image- 
stonsa. Soundifigs recently taken off Barren Isbnd and Narcondam* Talchir boulder* 
b4di» Axkaly£r& PhmqBhatio Nodules from Srib’xeoge, Ptmjab. " 

Part A-^FossO veiiebrata of Tn^a. Ecbi^idea of ormoeous series of Lower Narbada 
Vribpr Field-notes : No. 5— 4o accompany geological slmteb map of Afghanistan and 
Nor^wSastern Khorassan. Microscopic stractqre of Bajmabai and Deccan traps. 
Uqbrite of Ohor. laantiiy of Olivo aeries in east with spewed sandstone in west of 
ealtWMNi in PunJjMi. 

Part A— •Beuroment of Mr. Medlieott. J. B. Mn4ketoff ^s Geobgy of Russian Turkirian. 

. Orysbdline Ond metamorpMc rocks of JLiOwer Himalaya, OarEwal, and Kamaun, 8 bw> 
tint OMbinrdlSIiafikuidJ^ta^ 

Part Pom ia Himalayan goriogy. Or^dallbe and metanserphic rooks of .Loarwr 
a, Garhvtal, and Ktmu% ffectbxi 11. Jtan industry of wariam portion of 
Notea on Upper Burma. Bcrjing eypblatbii in Chattlegsik ooel-flelds. 
n^ce)< Pmsiniie Metamofphlsm, iHth rsferenoe to labation cd BBmalayaii 
#s Grpme. Papers on Himatsyan Geology end Microscope Petrology. 



!»• 




PlHJ yAWi ft! Vtt 

SjTKiwB la SoH^ btdihv Ina^ „ __ 

SMytor^Mwir txA MdbMmMM k!***^^ 

VvbA*Jh94mtiiaftMuMl^ foimtlMis « 
Part i ^ftdiKa <01^ vwfifilmtei. Oftalogy id No 


*) "ojf* ^itJT sT 


Boo^r ft! 


aoulp^Wft. NwaaalitM ia Ztmalw. Hicft teapi han Bwakai 




* ^rofc. xkn# 1^. 

Pan / {04 of pnnih-^Jmxuil rawti tar 1888. Dhatw*i* By^itm in fildiaft. Wijin 
Kam dianmiaB* and M« Ofaat>ar*» oJUsKed diaooyery at diamonda in 
Oenerio poiiiloB of Bo^oalled Pkaiosanmi Znditeaa. VhxMa fla3MjU^<9 ItaoojhM^f 
ite nature, mode of oocurrenoe in India, end eauae of iU flenbiU^. SwMk era 
Narbada Cbdooua* 

Part f— Indian SteaUte Dietorfced pebbles in Bi^vabk eongloinerate. ' <bwbom£enona 
Qlacial Period.* Notes on Dr W Wa^nn’e “ Oarbeniferom Qlacitd l^od*** Oib 
belds o! Twmgouna and Seme, Bitnda> uypsum of Nebal Nadi, Kumatuu Materii^ 
for pottery ip ncd^bourbood of Jabalpur W. Dmcffia. 

PaH d.-^Coal ontorops in Shangh talley, BalnckisUn. Trilobiies in NeobolUs beds of 
Salt-ran^* Qeolonoel notee. Oberra Poon}ee jcoal-il^d, in Sbaeia BiUa. Oobalti* 
ferons Matt from Nepdl. President of OeplMoal Society of London on Ibternational 
Geological: Conmeii ox 1889. Tln-miniiig in MMui distdot.. 

Part j (dvt af prjnQ.^-^Land^tortpiaes of Siwidikt. Pelvis of a ruminant from Siwaliki. 
Amys from Sambbar SalihLake in Bajpntana. Manganlferous iron and Manganese 
Ores of Jabalpur. PalaK<ndtB*bearinff traps of B^jmabdl bills and Deccan. Tin« 
smditing in ^alay Peninanla. Prpyidonal Xndeg of Looat Distribution of Important 
Mmetaia, Mitoelianeoiia Minerals, Gem Stones and Quarry Stones in Indian Empire. 
Part 1. 


Toe.. XXm, 1809 


Part I-^Annual report for 1888. Lakadong coal-fields, Jaintia Hills. Pectoral and pelvio 
girdles and skull of Indian Dicyaodonts. Vertebrate remains from NMpur district 
(with desoription of fisb-droU). OxyutalUne and iputamorphie rocks of Lower Hima^ 
Garbwdl and Knmauo, Section IT* Bivalrea of Olive-group, S^t-range., 
Mud-banka of ytvrmata coaata. 

Part B (out o/ prtde).-- PeMeum ezplpratioiiji in Hamai district Baluchistan. Sapphire 
Mines of Kmtotr. Supposed Matrix of Diamond at Wajra Xarur, Madras. Bonapet 
Gk>ld-fidd. Field ft^notes from Shan fiUls (Upper Burma). New species of Syringe 
ospbssiidsB. 

Part S (out of pnnt).*'‘-^Ieology and Economic Besources of Country adjoining Bind-PisliiU 
Bailway between ^atigb and Spintapgi. and of Oouatiy between it and y batM Ut 
Journey tlnougb India in 1888-88, by Pr. Jobaipies Ws^er. Coal fieldt of Ztsirungaoi 
Maosandram, and Maobe-lar-kar, m the Kbssi Hills. Indian Steatite Provisional 
Index of Local Distribution*^ Of Important Minerals, Miecellaneoue Miseials, Qw 
Stones, and Quarry Stones in Inaimi Bnudre. 

Part f (out of print) --^eologioal sketch of Naini Tal; with remarks on natiaral coUditbna 
governing mountain sk^s. Foil^ Indian Bird Bonee. Darjiling 0«^ betu^ Lisu 

Si.‘W43fe2S’£SS:"HS"'f^*“^ 



t (mtf 



* * */, * 

f’. V 

- ot ittrlJpmStfif- 
Mewl «iis,ItinM» 
»CT*»wW tik 

~ ^ i yffl* i tr)p y pftrtli of 

Mc Burma. Irdu-oma antf 
XAdiai "'Co^ on Oroat TonaaniHm 

^ M&Mval Oil tfoim BttWman 

BviinM THaviio B^^onte of Mi^taiigai 



a^ m in Shlymil HiUa. 
JMtik in Bviiraiiu THaviio Bopm 

vmii ttvh vm. 


Fori rinori tor 1892. Contral Himalayaa. Jadeke in 0pp«i^ Bunba. Bur^ 

s^,^V Fomu Bom from TTifpor Bunaa. Proapeciing Oporatioii«> Mi^rgnt XHfIriet* 

Fort A«*B|ajrflitanako to Batochlaian on 20Uk BeoOmIbor 1602. > Burmito^ now aailMt»H|to 
toaOU rtoto from tipper Buma. AlUirial deposito and Sabterraiieatt wate^opp^ Oi 
Bangoonu . 

Fdri de^^OtOogy ol Sjtoioiu HUla. CarboniferiDna FoeeiU from XonaMertoi. Bonng at 
CtomdeiiitagoaOr uNiafiito in Tavoy and Merffui. 

Pari ot ooulktfy Between Ghapw Mfi and Baraai in Ba|uo)iiaida. Ooolcm 

of part ia xenaeaettm valley with ap^al reference to Tendau-Kamapytog CoalofieGT. 
Ma^tHo contalniiig Manganeeo and Alnmtoa. Hidopite. 

VoL. XXVII, 1894. 

Part I.-rAnnual report for 1898. Bhi^anwala Ooal-field, Sidt^ratige, Pm^ab. 

Part f.^petroletim from Burma. Singareui Goal field, Hyderab^ (DemnV* €h>bna 
Iiuidi^lp, Oarhiial. 

Part dt-rCWbrian fintnatioD of Baeteni 8alt-raago. Oiridih (KarhaTliart) Ooal-ftilde. 
Ohtopod (TMTltote to Upper Miocene of Burma. Yelates Schmideliaiia, CSiemii.. and 
ProveUtoi^grandto Sow. ep.. to Tertiary Pormation of India and Banna. 

Far< i.-^^'UOology df Wuntbo in Upper Burma. EchinoidB from Upper Ototaoooala Syetom 
pi BalUfd^Un. Htohly Fhoi^^tlo Mica Peridotitee totraeive to I^wer Gmid'wa^ 
Boqka U BengaL Mica*UyperiUiene*Horablettde>Peridotiie ia Bengal. 

Von, XXVni, 108$. 

Part Ir^AzmnaS report fOr 1884. CretOoeoua Formation of Pondicherry. B«ly alltiaSon 
to Barren laland. BibliogTroby of Barrmi Island and Narcondam from 1084 to 1884^ 

Pari g.--4lretaceoiU8 Bocdcs of Bouthern India and geographical conditions during litoe 
orelkceofii tinMUk Bypertoiental Bonng for Petumeum at Bnktoir fitom Octobm 
to XfiSft. Tertiary systm to Burma. t 

Pari d.Wadeita and other rocks, from Tammaw in Upper Burma. Qeology ol Toohi 
Valley. IiOwse Gondwaaas in Argentina. 

Part i.--tj^eous Bo^ of Ofridih (S;nrhuibami Coal4tiid and their'' Contact 
Vtodhyan'' syetem south ai Sone and their rdation to co-osBad tiower Vto 
Lower Vtowyen em ai Bone Valley. Tertiary eyatem to Burma. 

. . vkx. xxrx, kOB. , 

Part Z.— Annul MV»tl fta 1696 Adeidwr inebu&oaa & Ttidiw <0alilU> Ork^ and 
aitM^gt GWaat* and Ibt&l&aNqwipnailtie iaitngMi^ in Pyilaxm&a to^ 

pari ZMfca.aM d<id?«4 niiw^ of CMfc (Jdinaaiial Iiilla, and BthM 

wdCoInbatoMdiaMato. 
itf diattialk Bwgal. ZUwiml Oapfri^ 

Hotw. ^ 

TAdhyao (SMb^aiiipw) ana «f 


tS!t*4km ia 


bodKita 





, .V(». X|IX«166T. 

' I'mti iHHpaialdff Patio 
Oti Glawopteali aiMf 




Part 5.<«-Cretaceotift Depoiiiv of Pondicberri/ Note#* ^ 

Part 5.— Flow etmctiite in igneous dyke. Olinne-norite dykes at Coo)Mr« 
for oomndnm near Palakod« Balm District* Ooourienoe of coal at Palnia 
Oeological speotmens coIUmW by Afgban-Balncb l^na^ry Oomtussioa of |0dA 
Part ^.-^Nemaute from Afghanists^n. Quartz-bai^B rock in SaJto dutnct> Madras 
Presidenoy. Worn femur of flippopotamus irravadious, Caut* and Fale.| from Lower 
PUooene of Burma. Supposed ooal at Jaintis, Basa Dears* Peroossum Piguins o* 
micas. Notes. 


VoL. X2XI, 1904. 

Part 1 {out of print).— Prefatory Notice. Qopper-ore near Komai, Darjeeling dbtric^ 
Zewan beds in Vihi distri<^> Kashmir, doal deposits of Isa Khel, Mianw^ district, 
Punjab. Um-BileDg coal-beds, Assam. Sapphirine-bearing rock from Visagapatain 
distnct. Miscellaneotts Notes. Assays. ... 

Pmt $ {out of print). — ^Lt.-Oenl. 0. A. McMahon. Cydobus Haydem Diener. ^ Aurifems 
Ocourrenoes of Ohota Nagpur, BengaL On the feasibility of introducing modem 
metiiods of Coke-making at East Indian Railway Collieries, with supplemsntaiy note 
by Director, Geological Survey of India. Miscellaneous Notes. 

Part $ (out of print ), — Upper Palieozoic formations of Eurasia. Glaciation and History 
of Sind Vauejr. Haloiltes in Trias of Baluchistan. Geology and Mineral Resources 
of Mayurbhanj. MisceUaneous Notes. .v 

Part ]f. {out of print ). — Geology of Upper Assam. ^ Auriferous Occurrences of Assam. 
Curions occurrence of Scapolite from Madras Presidency. Miscellaneous Notes. Index. 


VoL. XXXII, 1906. 

Part 1 {out of print ). — Review of Mineral Production of India during 1896 — 1903. 

Part r {out of print ). — General report, April 1903 to December 1004. Geology of Pro- 
vinces of Tsang and 1) in Tibet. Bauxite in India. Miscellaneous Notes. 

Parts (out of prmt).- Anthracolithic Faina from Subansiri Gorge, Assam. Blepbas 
Antiquus (Namadicus) in Godavari Alluvium. Triassic Fauna ox Tropites-Limeatone 
of Byans. Amblygomte in Kashmir. Miscellaneous Notes. 

Part i.—^bituary notices of H. B. Medlicott and W. T. Blanford. Kangra Earthquake 
of 4th April 1905. Index to Volume XXXIl. 

Von. XXXIII, 1906. 

Part 1 (ctft of print ), — Mineral Production of India during 1904. Pleistocene Movement in 
Indian Peninsula. Recent Changes in Course of Nam-tn River, Northern Shan States. 
Natural Bridge in Qokteik Gorge. Geology and Mineral Resources of Namaul Dis- 
trict (Patiala State)* Miscellaneous Notes. 

Part S {out of prinf).— General report for 1905. Lashio Coal-6eld, Northern Shan States. 
Namma, Maiisang and Man-sc-le Coal-fields, Nozthern Shan States, Burma. Mis- 
oellaneons Notes. 

Part S (out of print ). — Petrology and Manganese-ore Deposits of Sansar Tahsil, Chhind* 
wara district, Central Provinces. Geology of part of valley of Kanhan River in 
Nagpur and Ghhindwara districts, Central Provinces. Manganite from Sandur Hills. 
Miscellaneous Notes. 

Part 4 (out o/ print).— Composition and Quality of Indian Coals. Classification of the 
Vindhyan System. Geology of State of Panna with reference to the Diamond- 
bearing Deposits. Index to Volume XXXIIT. 

VoL. XXXIV, 1906. 

Pffrt 7. — Fdssils from Halorit^s Limestone of Bambanag Cliff, Kumaon. Upper-Triassic 
Fauna from PisUn District, Baluchistan. Geology of portion of Bhutan. Coal Ooenr- 
rcnces in Foot-hills of Bhutan. Dandli Coal-field : Cod outcrops in Kotli Tehiil of 
Jammu State. MisceUaneous Notes. 

Part S {out of print).— Mineral Production of India during 1905. NummuUtes Douvillei, 
with remarks on Zonal Distribution of Indian NummuUtes. Auriferous Tracts in 
Southern India. Abandonment of CoUieries at Warora, Central Provinces* Mis- 
cellaneous Notes. 

Part S . — Explosion Craters in Lower Chindwin district, Burma. Lavas of Pavagad Hill* 
Gibbsite with Manganese-ore from Talevadi, Belgaum district, and Cfibhute from 
Bhekowli, Satar District. Classification of Tertiary System in Bind with referenct 
to Zonal distribution of Eocene Echinoidea. 

Part 4 (out of print).— Jaipur and Naxira Coal-fields, Upper Assam. Makum Coal-fiolds 
between Tirap and Namdang Streams. Kabat Anticline, near Seiktein, Mringyap 
district, Upper Burma. Asymmetiy of Tenangyat-Singu Aniidine, Upper Bumub 
Northern part of Gwe^o Anticline, Myingyan Dbtndt, Upper Burma. Breynfp 
Multituberculata, from Nari of Baluchistan and Sind. Index toTolume XXXIV* 
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rtoort for 19t)6. OrthophTamina and Lepidocydixia in 
Nm^nHtic Saries. Meteoric &ower of 2^d October 1903 at Bokichi and neighbour* 
hood, Dacca district 

Indian Aerolites. Brine-wells at Bawgyo, Northern Shan States^ Oold-bearing T 
^poiito of Lpl Twang/ Shan States. Pbysa Prinsepii in Maestrichtian strata oi 
BalnohistMai. Misoellaneotis Notes, 

Part 5, — ^Preliminary survey of certain Cladera in North-West Himalaya. A.— Notes on 
certain Glafira in North-West Kashmir. 

Part ^.--^Preliminary Bumy of certain Glaciers in North-West Himalaya. B. — Notes on 
certain Glaciers in Lahanl. C. — Notes on certain Glaciers in Kumaon. Index to 
Volume XXXV. 

VoL. XXXVI, 1907-08. 

Pare I.-^Petrological Study of Hocks from hill tracts, Vizagapatam district, Madras 
Presidency. Nepheline Syenites from hiU tracts, Vizagapatam district, Madras Presi* 
dency. Stratigraphical Position of Gangamopteris Beds of Kashmir. Volcanio out- 
burst of Late Tertiary Age in South Hsenwi, N. Shan States. New snidis from 
Bugti Hills, Baluchistan. Permo-Carboniferous Plants from Kashmir. 

Part a (out of pnnt).— Mineral Production of India during 1906. Ammonitdi of Bagb 
Beds. Miscellaneous Notes. 

Part S . — ^Marine fossils in Yenangyaung oil-field, Upper Burma. Fresh-water shells of 
genus Batissa in Yenangyaung oil-field, Upper Burma. New Species of Dendrophyllia 
from Upper Miocene of Burma. Structure and age of Tanngtha hills, Msringyan dis- 
trict, Upper Burma. Fossils from Sedimentary rocks of Oman (Arabia]. Rubies in 
Kachin hills. Upper Burma. Cretaceous Orbitoides of India. Two Calcutta Earth- 
quakes of 1906. Miscellaneous Notes. 

Part ^--^PBeudo-FuRoids from Pab sandstones at Fort Munro, and from Vindhyan series. 
Jadeite in Kachin Hills. Upper Burma. Wetchok-Yedwet Pegu outcrop; Magwe dis- 
trict, Upper Burma. Group of Manganates, comprising Hollandite, Psilomebne and 
Coronadite. Occurrence of Wolfram in Nagpur district, Central Provinces. Mis- 
cellaneous Notes. Index to Volume XXXVI. 

VoL. XXXVII, 1908-09. 

Part 7.— General report for 1907. Mineral Production of India during 1907. Occurrence 
of striated boulders in Blaini formation of Simla. Miscellaneous Notes. 

Part fi.-J-Tertiary and Post-Tertiary Freshwater Deposits of Baluchistan and Sind. 
Geology and Mineral Resburoes of Bajpipla State. Suitability of sands in Ra^mahal 
Hills for glass manufacture. Three new Manganese-bearing minerals -Vredenburgite, 
Sitaparite and Juddite. Laterites from Central Provinces. Miscellaneous Notes. 

Pari S . — Southern part of Gwegyo Hills, including Payagyigon-Ngashandaung Oil- field. 
Silver-lead mines of Bawdwin, Northern Shan States. Mud volcanoes of Arakan 
Coast, Burma. 

Pert Gypsum Deposits in Hamirpur district, United Provinces. Gondwanas and 
related marine sedimentary system of Kashmir. Miscellaneous Notes. Index to 
Volume XXXVII. 

Von. XXXVIII, 1909. 

Part t . — General report for 1908. Mineral Production of India during 1908. 

Part IC . — Ostrea latimarginata in Burma. China-clay and Fire-clay of Baimahal Hills. 
Coal at Gilhurria. Pegu Inlier at Ondwe. Salt Deposits of Hajputana. Miscellaiteoiis 
Notes. 

Part .i— Geology of Sarawan, Jhalawan and Las Bela. Hippurite limestone in Seisian. 
Afghan Fusulinidse. Miscellaneous Notes. 

Part 4 - — Western Prome and Kama. RecorreTation of Pegu system. Pegu fossil fish- 
teeth. Yenpngyat Oil-field. Iron-ores of Chanda, Geology of Aden Hinterland. 
Petrography of Aden Hinterland. Fossils from Aden Hinterland. MiscellanebtiB 
Notes. Index to Volume XXXVIII. 

Voi. XXXIX, 1910. 

Quinquennial Review of Mineral Production for 1904 to 1908. 

^ ^ V^^ XL, 1910. 

Pari I.— Pre-Carboniferous Life-Provinces. Lakes of the Salt Range. Glaciers in 
Sikkim. New Tertiary mammals. 


The price fixed for the publications is 1 rupee (Is. 4d.) eavh part, or 2 rupees (2«. 8d.) 

each volume of four parts. 
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ISfSB. II, XI, XII.)— THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by 
0. FEISTMANTEL, except VoL. I, Pt. 1, by T. OLDHAM and J. MORRIS. 

Vot*. I, pp. xviii, 233, pis. 72. 1863 79. Pt. 1 ; Rdjmahdl Group, Rajmahdl Hills, Pt. 2 ; 

The eaf/ie {continued), Pt. 3; Plants from Qolapili. Pt. 4i Outliers on 
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The Fauna of the Napeng Beds or the Rha?t.ic Beds of tTpper Burma : Vol. II, Memoir 
No. 4 (1908), by Miss M. Healey, pp. 88, pis. 9. 
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Part 2 . — Annual report for 1868. Paugshura tecta and other species of Chelouia from 
newer tertiary deposits of Nerbudda valley. Metamorphio rocks of Bengal. 
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Part Jj. (out of print ). — Beds containing silicified wood in Eastern Prome, British Burma. 
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Part 3 (out of Sprint).— Mohpani coal-ficid, Lead-oro at Sliihanabad, Jabalpur di.strict. 
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Part 5.— -Borings for coal in Godavari valley near Dumaradem and Bbadrachalam. 
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VoL. V, 1872. 

Part 2.-— Annual report for 1871. Relations of rocks near Murreo (Mari), Punjab. Mineial- 
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Part 2. — ^Retirement of Dr. Oldham. Age of some fossil floras in India. Cranium of 
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Preliminary Note ON a Revised Classification of 
THE Tertiary Freshwater Deposits of India. 
By Guy E. Pilgrim, D.Sc„ F.GS., Geological 
Survey of India. 

P erhaps a few words of explanation arc needed on the publica- 
tion of this note, so disproportionately slight as compared with 
the importance of the conclusions which I seek to establish. Through 
my omission of the names of localities and of the details of 
stratigraphical structure, 1 give little opportunity to another to 
satisfy himself as to the truth of the facts adduced. My reason 
for not publishing in complete detail the stratigraphical results 
so far attained is that 1 still remain unacquanited with large areas 
in the north-west of India ; and although 1 feel convinced that the 
examination of these cannot disprove my conclusions in any import- 
ant particular, still I am averse from ])ul)li.sliing detailed geological 
descriptious of any ])art of India, wfien we are still proceeding 
with the survey of that part and may reasonably hope to finish it 
at no distant period. A suflicient argument against delaying it 
entirely, will, I think, appear in the fact that a concordant classi- 
fication of the Tertiary freshwater strata of India is essential 
to enable one to deal satisfactorily with fresh collections of verte- 
brates, which are coming in year by year from India and the ad- 
jacent countries. One attempt in this direction has already been 
made by the writer, by separating the lower portion of the ossi- 
ferous beds of India mto two series and assigning to them different 
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ages. Much as this was needed in Sind and the Bugti Hills, still 
more is this the case in the Punjab and the Siwalik Hills. For 
in Sind and the Bugti Hills it had, at all events, been recognised 
that the fossils there found were the oldest of the “ Siwalik group,” 
so called, whereas from north-west India we possess descriptions of 
considerably over a hundred species of vertebrates, of which all wo 
really know is that they are derived somewhere out of a series of 
beds some 16,000 to 20,000 feet thick. No reason has been given 
us for regarding any of these species as more characteristic of one 
stratigraphical horizon than of another, and if we relied only on the 
early observations and not on our sense of probability we should 
expect to find the same species in the top bed as in the bottom. 
The conflicting character of the species has for long suggested to 
most palajontologists the extreme improbability of their all being 
of the same ago. So strongly has this been felt, that an admixture 
of the species has been tacitly assumed ; but no fresh facts on 
the question have accumulated for many years and no table show- 
ing the distribution of the various mammalian species exists. This 
omission it is now my purpose to supply and at the same time to 
show as far as possible the relation of the various beds to one 
another. 

Even though this is only a preliminary note, still I shall 
endeavour to state sufficient facts to afford plausible reasons for 
the classification adopted. 

Ono more point is perhaps worth mentioning. Of the numerous 
congelations of these beds, which have been suggested by Medlicott, 
Wynne, Theobald and others, none have been supported by more 
than the supposed lithological resemblance between the various 
beds; in no case has one fossil identity been adduced as evidence. 
Valuable as lithological resemblances may be as confirmatory 
evidence, much weight must not bo attached to them alone in 
the case of such variable deposits as those produced by rivers. 
Consequently in what follows the chief stress will be laid on the 
paleontological evidence, and as the fossils were carefully collected, 
if not always either by myself or by my assistant Mr. Vinayak 
Rao personally, yet with an intimate knowledge of the exact 
locality where they occur, I do not think there are now many 
species of whose exact horizon we are unaware. 

The following is a list of geological maps dealing with different 
portions of the north-west of India, which have been published 
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from time to time by the Geological Survey of India. These will 
render clearer the geographical distribution of the Tertiary deposits 
referred to in the following pages. 

The most comprehensive map, though rather out of date and 
inaccurate, is Wynne’s, in liec, GeoL Surv, Ind.^ Vol. X, Pt. ?, 
p. 109. The following deal with special areas : — 

Salt Range : Mem, Geol, Surv, hid,, Vol. XIV. 

Kohat and Bannu : Mem, Geol, Surv, Ind,, Vols. XVII, Pt. 2, 
and XI, Pt. 2. 

Murree Hills and Kashmir : Mem, Geol, Surv. Ind.. Vols, 
XXII and XXIV, Pt. 2. 

Kangra and Siwalik Hills : Mem, Geol, Surv. Ind., Vois. Ill, 
Pt. 2, and XXIV, Pt. 2. 

Sherani Hills: Rec, Geol Surv, Ind., Vol. XXVI, p. 77. 
Bugti Hills and Dera Ghazi Khan : Mem, Geol Surv, Ind., Vol. 
XX, Pt. 2.1 


The Upper Nari. 

In a former paper 1 have shown^ that river deposits of Upper 
Nari (aquitanian) age have been traced through the Bugti Hills to 
some distance beyond Dera Ghazi Khan. I have now found that 
these beds are clearly represented over a large part of north-west 
India. In the Bugti Hills a great unconformity occurs between the 
Upper Nari beds and the Lower Siwaliks. If we go north to the 
Kala Chitta Range, running between the Indus river and Rawal 
Pindi, and to the Murree Hills, we shall have indubitable evidence 
that here the interval is bridged over by an existing deposit. Here 
is developed a great mass of strata, from 4,000 to 8,000 feet thick 
known as the Murree series. Conformably beneath them and resting 
on the Khirthars are beds of calcareous conglomerate and sandstone 
and red shale — ^the Kuldana beds of W ynne® and Middlemiss.'i These 

^ A revised map of part of this area is now in the press and will shortly bo pub 
lifihed in Pal. Ind., ser. X, Vol. V, pt. 2. 

2 Tertiary Freshwater Deposits of Baluchi tan and Bind. Rfx, Gaol. Surv, Ind,, 
XXXVII, pp. I4r>, 146 (1908). 

^ Geology of Mari Hill Station, Punjab. Jiec, Geol, Surv. Ind„ VI I, p. 68 1874). 

♦ Geology of Hazara. Mem, Geol, Surv. Ind., XXVI, p. 42 (1890). , 
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often contain nummulites of Kliirthar age, in some places obviously 
derived, in others giving a deceptive appearance of being in situ. 
They have yielded, particularly in the neighbourhood of Fatehjang, 
well preserved remains of Anthracolherium higtiense, Brachyodus 
africanus, Teleoceras fatehjangense, a species allied to T. blanfordi, 
and a species of Ilemmeryx. Two of these species are found in 
the Nari series of the Bugti Hills and it is impossible to suppose 
them older than aquitanian. We are therefore able definitely to 
regard this horizon as Upper Nari. Its conglomerates are unmis- 
takable, and arc found overlying the Khirthars throughout the 
Salt Range as far as the Jhelam river and in the Kohat District 
across the Indus. In the latter area a ribbed Vnio occurs in 
these beds, which may be the same as one of the species found 
in the Upper Nari of the Jiugti Hills. Whether the series 
exists between the Kohat and Dera Ghazi Khan Districts in the 
basal beds of what lias been mapped as Lower Siwalik, I am 
uncertain. 


The Murree. 

The Murree series is developed to its fullest extent in the 
Murree Hills. In the Rawal Pindi and Jlielam Districts a gradual 
transition can be traced from typical purple Murree sandstones into 
typical concretionary conglomerates witli a liower Siwalik fauna. 
It is possible to trace the gradual dying out of the Murree 
series as wc go south from the Murree and Kala Chitta Hills, 
until in the Salt Range it is entirely missing, and the 60 to 100 
feet of Upper Nari are overlain unconformably by typical Lower 
Siwaliks. 

The Murree series has yielded no vertebrate fossils, but plant 
remains, including Sabal major, occur at Murree and in tlie paralU^l 
beds of the Kasauli series. 

The Dagshai and Kasauli series, as has been clearly recognised, 
entirely correspond to the Murree scries. The purple sandstones 
of this group are unmistakable, from the Siwalik Hills to the 
Indus. In the Siwalik Hills, however, the Murree series is faulted 
against the Nahans (Lower Siwalik) and the Nari series has not been 
recognised. From its relations to the Upper Nari horizon it is 
clear that the burdigalian and helvetian stages must cover the 
period of its deposition. 
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The Lower Siwalik. 

In the paper^ previously quoted I have given a pala>ontological 
and lithological description of the Lower Siwalik beds of Sind and 
the Bugti Hills. I have shown that over that large area the 
curious concretionary conglomerates form one of their most 
striking features, while DinotJierium and Tetrabebdon angustidens 
are constantly present. I then suggested that a representative 
of them would be found in the Punjab. This has now proved 
to be the case. Lithologically as well as palseontologically, a 
portion of the newer Tertiary formation mapped and described 
by Wynne, Medlicott, Lydckker, Theob:ild, Middlemiss, and others, 
corresponds exactly to the Lower Siwaliks of Sind and Balu- 
chistan. Besides the concTetionary conglomerates there are cal- 
careous nodular beds and clays, the whole deeply tinted red, 
and, by the colouration alone, sharply marked off from the over- 
lying Middle Siwaliks. Real pebbles are entirely absent. The 
fauna is small ; but careful search north of the Salt Range has 
revealed the presence of Dinotkenum indiemn, and sifidiense^ 
Tetrabebdon angustidens^ Microselenodon silistrensis, Merycopotamus 
vusillus, ' Lisinodon pentnpotamm, and Hyoihenum sindiense ; also a 
species of Dryopithecus allied to D, rhenanuSy a PseudwluruSy and a 
new Giraffoid genus of a more generalised type than any of those 
described by Lydekker, to which I liave given the name Giraffo- 
keryXy and finally representatives of the Creodonta. All these 
are absent from the overlying beds, from which come the greater 
number, if not all, of the fosals collected by Theobald in the 
Potwar. Between Clienji and Kala Kahar in ])articular these beds 
contain an abundance of fossils. On Mt. Tilla and on the Bakrala 
ridge, where they overlie a representative of the Murree series, 
mammalian remains, though scanty, include 'he characteristic 
species Dinotherkmi indieuni and Telrabelodon angustidens. Hip* 
parion is rare in these beds. 

The genus DirmtJierium has been reported at various places on 
the right bank of the Indus between Dera Ghazi Khan and 
Kushalgarh, from beds which are obviously a continuation of the 
Lower Siwalik outcrop of the ' Bugti Hills. The horizon at 
Kushalgarh, referred to in the above n^entioned pa])er * and previously 

1 Pilgrim, ibidj p. 159. 

2 Pilgrim, ibid^ p. 16:1. 
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mentioned by Lydekker/ is essentially Lower Siwalik., the beds being 
very similar in character to those of the Bugti Hills. Here the 
following; fossils were obtained 

Sus hysudricus, Pale. & Cant. 

Hyotherium sindiense^ Lyd. 

Listriodon pentapotamice, Pale. 

SanUherium schlagintweitii, Meyer. 

Merycopotamus pusillm, Lyd. 

DorcatJierium majus, Lyd. 

Rhinoceros sp. 

Ilipparim sp. 

Dinoiherium indicum^ Falc. & Cant. 

Amphicyon palceindicus, Lyd. 

It seems certain, too, that the fossil mammalian fauna of Perim 
Island must be relegated to the same category, as Lydekker has 
clearly recognized. 

The Nahan series of the Siwalik Hills, and its correlation with 
the Lower Siwaliks of Sind and the Punjab, is dealt with on page 193 
of the present paper. 

One word as to the geological age of the Lower Siwaliks. In 
Europe the range of Teirahelodon angustidens is from burdigalian to 
sarmatian, which gives us convenient ago limits for the series of 
beds containing this species. We have seen that the Murree series 
extended in continuous deposit from a horizon in the aquitanian 
(Upj)er Nari) right into the Lower Siwalik. It seems hardly reason- 
able to allow more than the burdigalian and helvetian stages for 
the accumulation of the Murree sediments. 1 fence it follows that 
we should place the base of the Lower Siwaliks no later than tor- 
tonian. The fossil cvidenO/C lends support to this conclusion, for the 
alliance between the faunas of the Upper Nari and the Lower 
Siwalik is not a very remote one. 

1 Fossil Mammalian Fauna of India. Rec. Oeol. Sum Ind., IX, p. 92 (1876). It will bo 
noticed that Jlyae'iodon indicus Lyd. is omitted from this fauna sinool have no doubt 
that the prcmolar referred by Lydekker to Uyaenedon [Pal. Ind. (10) II p. 349J and 

Bubsequontly by Schlosser [Beitr. Pal. dst Ung VI (1888) p. 196] to Hyaena is really 

the 3rd lower promolar of Hyotherium sindienaz Lyd. of which numerous Bpeoimens 
occur amongst the rich collections made from the Lower Siwaliks of Chenji. Moyer's 
Meryiiopatamu^ disaimilia in 1 think, Merycopotamus pusillm, hyd> The 1 itter spooie s 
seems to me to find a more appropriate place in the genus Hemimeryx, 
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The Middle Siwalik. 

North of the Salt Range these Lower Siwa iks gradually 

into a richly fossiliferous series of beds, to which 1 shall restrict the 
term Middle Siwalik. These beds manifestly thin out as we go 
eastward to the Jhelam. Lithologically, they are distinguished with 
ease from the Lower Siwalik, once we are above the passage beds. 
They arc much softer, very much paler in tint, and j)ebble beds 
occur here and there. Since, however, the fossils of the Lower Siwaliks, 
occur near the base of that series and those of the Middle Siwaliks 
a considerable distance above the passage beds, it is not surprising that 
the two faunas should be perfectly different. There is actually a 
vertical distance of some 6,000 feet between these two fossiliferous 
zones. Dimtherivm and Tetrahelodon angustidens have been re- 
placed by Mastodon punjabiensis and Slegodon. Hipparion and large 
antelopes abound, and amongst the Giraffoids Helladotherium and Hydas- 
piiherium have succeeded the more primitive Giraffokeryx and i?m- 
matherium. The fauna is of a similar type to that of Pikermi and 
Sainos, except in the absence of Dinotherium^ and a pontian age 
may undoubtedly be assigned to these beds. 

The Upper Siwalik. 

An equally gradual transition occurs from the Middle Siwaliks 
into the still higher beds, seen near Rhotas and at Darapur. These 
are indistinguishable in character from the strata exposed in the 
Siwalik Hills, and included by Middleiniss ^ in his Siwalik conglo- 
merate and Sand-rock stages. They consist of grey sandstones, often 
very coarse and for the most part exceedingly soft and friable, 
alternating, especially in their upper portion, with conglomerates and 
boulder beds. Pink clays occasionally intervene. The Si»valik Hill 
fauna of the Fauna Antiqua Sivalensis is repeated identically in 
these beds, though not in such varied abundance. The fauna is 
quite distinct from that of the Middle Siwaliks and there is remarkably 
little overlapping of species. The beds form an easily recognisable 
series and may be known as Upper Siwalik. They can bo traced hi 
an almost continuous outcrop, by their lithological character and by 

1 A recent find of two Dinoiherium teeth supposed to com© from the Middle 
Siwaliks of Nila, north of tho Salt Range, suggests that this genus may not have 
become altogether extinct in India in Middle iSiwalik times. 

® Geology of Sub-Himalaya of Garhwal and Kuniaun. Mem. Gcol. Surv. Ind.t 
XXIV (1891). 
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their fossil contents, from the Salt Range through the Pabbi Hills 
into Jammu and Kangra and thence into the Siwalik Hills. 

Equus, Bos, Elephas, Ccmelus, and the GirafEoid genus Sivathe- 
rium characterise this division, these genera being found every- 
where in these beds throughout India. 

At v^arious localities throughout the Potwar, in the Miirree Hills, 
at Makhad and neighbouring places on the Attock bank of the Indus, 
near Doineli on the southern side of the Bakrala ridge and at 
Namnial, north of the Salt Range, wo find highly tilted sands and 
conglomoratOvS resting on the upturned and denuded surface of both 
Lower and Middle Swaliks. Thus these beds must be newer than 
the fossiliferoiis sandstones which succeed the Middle Siwaliks conform- 
ably. They are unfortunately almost unfossiliferous, but a metatarsal 
of Sivathcniim from the wuiglomerate near Makhad inclines one to the 
opinion that all of these beds are probably uppermost Siwalik. 

The Upper Siwaliks may be regarded as Pliocene. 

Since a thickness of 10,000 feet must be allowed for this part 
of the series, in its area of maximum development, and since the 
highest beds at Rubhor contain Eqiius namadiem and Buffelus palce- 
indicus, which are Pleistocene forms, it is probable tliat tlie series 
reaches almost, if not quite, to the top of the Pliocene. 

Thus, the wdiole Siwalik series is very conspicuously developed 
in the Salt Uange area and is fossiliferoiis throughout, in 
striking c.ontrast to what is the case in tlic Siwalik Hills. It has 
been shown above that it is easy to trace the stratigraphical con- 
nection between this series and the underlying Murreci and Upper 
Nari series developed either in the same or in adjoining areas. It 
therefore seems inevitable that we should adopt this as our type 
area, and correlate the freshwater deposits found in other parts of 
India with different parts of the Salt Range system, according as 
we may be guided by fossil or lithological evidence or stratigraplii- 
cal cons 'derations. I do ]iot intend this to make any alteration in 
the existing nomenclature, but as from time to time fresh areas 
are re-mapped or re-examined, the boundaries and names of the for- 
mations may, it is hoped, become definite and significant, instead 
of loose and meaningless as is the case at present. 

The Freshwater Deposits of the Siwalik Hills. 

My travels in the KSivvalik Hills, unfortunately, added but few 
specimens to rny collection and convinced me tliat there is little 
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hope in the future of obtaining more. As compensation,' however, 

I was able to visit many of the fossil localities of the old dis- 
coverers and have ascertained the important fact that most of them 
occur near the top of the series, and none of them very far down. 
The fossils are too fragile to have been carried very far from the 
beds in which they were deposited and there could have been no 
collection from talus heaps containing the debris of strata widely 
different from one another in age. It is, therefore, absolutely cer- 
tain that the fauna of these beds is considerably newer than the 
Middle Siwalik fauna and the sanwt strata from which the remains 
of Camehis simlemis and C. anlujuus were exhumed, yielded also 
Equus, Si/mtherium, Sus, Elvphas^ Slegodon, Mastodon, Clialicotherium, 
and Giraffa. I am even doubtful whether a single one of the 
recorded species can be assigned to the same horizon as the Middle 
Siwaliks of the Punjab, and, failing exact information to the contrary, 
I prefer, with one exception, to class the whole fauna as Upper 
Siwalik. This exception relates to the fossils occurring in the very 
lowest beds bordering the i;)lain, whence, in the Kalawala Rao, 
Caiitley obtained vsome fossils, of wliich, wliother the others were 
lost or not, the sole existing remnant, so far as 1 am aw'aro, are 
the ones figured in Plate III of Roylo’s Himalayan Botany.^ 
Lydekkor refers the milk tooth doubtfully to Ant1mi(Mhervwm {Micros 
selenodon) silistrcnsc. Caiitley found the same bed, a characteristic 
concretionary clay conglomerate, also on the north side of Ifahan and 
obtained fossils of the same type from it. All trace of these is lost. 
I, however, ro-discovered the bed north of Nahan, though I found no 
fossils in it. Now I am advancing no new theory, when I refer the 
Nahan beds to the same horizon as the Lov\-er Siwaliks of Sind,^ I 
would only say that although the lithological resemlilaiice as a whole 
is not very clos(^, the concretionary clay coiigloiuerato does undoubtedly 
resemble similar beds from the Lower Siwaliks of the Punjab, white 
nothing of the sort is known from the Middle Siwaliks. Anihraco- 
therium (Microsehnodon) silistrensc is an ancient type and there seems 
to be evidence from a specimen formerly in the Rurki museum that a 
Dinotheriuni tooth was obtained from the base of these hills. Further, 
the specimen of Progiraffa sivalensis which is reported to have come 
from the lulls near Rurki is identical with oi;her s}x>ciiuens obtained 

1 Roylo : Illustrations of the Botany and Gthor Branches of tho Natural History of 
the Himalayan Mountains. Introduction, p. xxx (1839). 

2 Maniud of the Geology of Indui, 2nd edition (189,3), pp. 357, 364. 
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from the Lower Siwaliks of Chenji in the Salt Bange. For these 
reasons I would dissent from R. D. Oldham,^ who places this bed in 
the so-called ‘‘ Middle Siwaliks ” ^nd considers the occurence north of 
Nahan as a “Middle Siwalik ” outlier. I think the bed is more 
appropriately placed with the Lower Siwaliks and considered as form- 
ing part of the Nahan series. Mr. Middlemiss has mapped as Nahan, 
beds which probably occupy a very similar stratigraphical position, 
to the cast of the Ganges.* I am not prepared to dispute Middle- 
miss’ assertion that we have an absolutely conformable series in the 
Siwalik hills from the Nahan beds upward'. I would only suggest, 
as evidence has shown to be the case elsewhere, that the Middle 
Siwalik period here was characterised by remarkably glow deposition, 
so that probably a few hundred feet represents the entire thick- 
ness of strata which correspond to the Middle Siwaliks of the 
Punjab. The lithological character of the whole series in the Siwalik 
Hills above the Kalawala Rao beds is identical with that of the 
Upper Siwaliks of the Pabbi Hills, while the vertical thickness of 
the former set of beds only slightly exceeds that of the latter. This 
lends additional support to the above view. 

Geological History of the Deposits. 

In conclusion, I may sa)^ that 1 am on the whole in complete 
accord with the view expressed by Theobald^ and Middlemiss'^ 
as to the general confer inability of all these freshwater beds. 
In fact, speaking broadly, it seems certain that from the Nari to the 
top of the Siwaliks we have a continuous series of deposits, by 
which I mean that at no portion of the great period covered by 
these various deposits was sedimentation altogether interrupted. 
It is however possible, by correlating the faulting and the thinning 
out or disappearance of beds in different places, to arrive at the 
certain conclusion that at six distinct periods earth movements 
wore especially prevalent, and as a result alteration to a greater or 
less extent took place in the configuration of the land surface, and 
consequently in th? depositing area of the great rivers. These 
periods of erogenic intensity wore as follows : — 

1. At the close of Nari times. This is shown by the marine 

1 U. D. Oldham : Rec, Gex)L Snrv. Jnd., XVIT, p. 79 (1834). 

2 Middlemiss : Geology of Sub-Himalaya of Garhwal and Kumaon. Mem. Oe<H^ 
Surv. Ind., XXIV (1891). 

^ Theobald : Siwalik series. Rec. Oeol. Surv. /nrf., XIV, p. 108 (1881). 

4 Middlemiss : Ihid, pp. 29, 124 (1891). 



196 


^ART 3.] PiLOUiM : TerUartj Freshwater DeposUs of India. 

transgression which occurred in Sind and deposited the tlaj lime- 
stones on the freshwater grits of the Upper Nari. Further north, 
in the Bugti Hills and the Salt Range, it seems to have checked 
deposit altogether, because we find the Lower Siwaliks resting on 
the Nari. Still further north we have sedimentation again and iti- 
creasing in quantity, until in the Murree series we find freshwater 
deposits representing not only the Gaj limestones, but also a later 
period when marine deposition m Sind had ceased. We have there- 
fore in the Kawal Pindi area a continuous river sedimentation 
corresponding to the continuous scries of marine deposits which 
Vredenburg has shown to exist in Makran from Nari times 
upward, and which, as the present writer has found, are identically 
repeated in Persia, extending from aquitanian up to tortonian or 
sarmatian. 

2. The next movements are inducted by the removal of marine 
conditions in Sind and by the change in the character of the depo- 
sit from the Dagshai to the Kasauli series in the sub-Himalayan 
region. 

3. In the tortonian iMjriod movements occ,urred which terminated 
the great break, which exists from Sind as far as the Salt Range 
between' either Nari or Gaj and Lower Siwalik. 

4. At the close of Lower Siwalik times interruption of deposit 
again occurred, because in the B.ugti Hills at all events, and probably 
in other parts of India as well, the Middle Siwaliks are absent. 
East of the .Ihelam they arc probably only feebly represented. On 
the other hand, between the Jhelam and the Indus, there was a 
thick deposit of Middle Siwaliks, which passes directly upward into 
the Uppcir Siwaliks. 

5. It is, however, certain that in many ])laces intense movements 
followed, and that upheaval and denudation of the Middle Siwaliks 
occurred, because of the fact that in many places in the Salt Range 
area (see page 192) highly tilted conglomerates of probably uppermost 
Siwalik age lie quite unconforniably on Middle Siwalik beds. 

6. Later than all these disturbances came the last orogcnic 
period which tilted the Uijper Siwaliks into the position in which 
,we find them today. 

Briefly summarised, the two preceding pages express that at six 
stages during the deposition of the newer tertiaries of India, earth 
movements mtervened such as to alter the depositing areas of the 
rivers of that time, producing sedimentation in areas which had 
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been outside the limits of the deposit, diminishing it in areas where 
it had been rapid, quickening it in areas where it had been 
slow, interrupting it altogether,* or finally submerging tracts of 
country and so effecting a replacement of- fluviatile by marine 
deposits. 


The Upper Tertiaries of Burma. 

As far as Burma is concerned, our stratigraphical knowledge of 
the newer Tertiaries still leaves much to be desired. 

It seems certain, however, that from the lowest beds of the Irra- 
waddy series at Yenangyaung both Noetling and Grimes collected 
a distinctive vertebrate fauna, w'hich I have examined and in which 
I have recognised the following species : — 

Mastodon latidens, Clift. 

Acmitherium lydekkcri, Pilg. 

Ilipparion punjabiense^ Lyd. 

Merycopotamiis dissimilisy P. & C. 

Tetracofiodon minor, Pilg. 

Hippopotamus iravatiem, P. & C. 

Taurolragus latidens^ Lyd. 

Cervus sp. 

To this must no doubt bo added Stegodon cUfti and the fossils 
obtained by Clift at Yenangyaung and also the Viskmithcrimn 
mandible collected by W. T, Blanford. 

This is a typical Middle Siwalik fauna, that is to say it is older 
than that of the Siwalik Hills and newer than that of the Lovver 
Siwaliks of Sind, the Bugti Hills and the Salt Range. We may 
therefore with certainty assign the lowest l)eds of the Irrawaddy 
series at Yenangyaung to the Middle Siwalik. 

The boundary between these beds and the underlying marine Pegu 
scries is in Upper Burma almost always a well marked one. At 
Yenangyaung an estuarine zone occurs some 1,200 feet below the base 
of the Irawaddy series. From this Dr. Noetling obtained the u])pcr 
molar of a small Tragulid and the last lower molar of Dorcathcrium * 
sp., both of them erroneously referred by him to Anoplotherium.^ 
It is unlikely that these are older than Lower Siwalik. Ijately Mr. 

1 Noetling. Fauna of tho Miocene Beds of Burma ; Pal lud.. New series I, p. 378, 
VI. XXV, liga. 24. 26. 
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Cunningham Craig has obtained from Maingyaung in the Pakokku dis- 
trict, which is probably at a horizon only slightly lower than that of 
Noetling’s mammalian teeth, a small lower molar allied to Telmatodon 
which may belong to the same species as an upper molar from the 
Lower Siwaliks of Sind.^ Assuming the correctness of the age attribu- 
ted to these fossils it follows that the Lower Siwalik period in Upper 
Burma is characterized by marine or estuarine deposits. Moreover, 
there cannot be any large or widespread unconformity be.tween the top 
of the Pegu series (Lower Siwalik) and the base of the Trawaddy series 
(Middle Siwalik). 

Mr. Murray Stuart,^ however, has lately established the existence 
in the Proiue area in Lower Burma of a marked unconformity in beds 
hitherto assigned to the Pegu series. He adduces evidence to prove 
that the beds below the break are of no later than helvetian age.*"^ 
Thu beds above the break (Mogaiuig sands) are marine passing into 
(?stuarinc and finally into the fluviatile beds of the Irawaddy series. 
Since the publication of the above paper Mr. Stuart has obtained 
from these beds an abundance of more than one species of Ostrea as 
well as other mollusca, which occur in the Pegu series in Upper Burma. 
He is, therefore, inclined to regard the “ Mogaung sands ” as equi- 
valent to the upper 1,200 feet of the P(>gu series at Ycnangyaung and so 
of Lower Miwalik or tortoriian age. Tlie absence of distinctive verte- 
))iate fossils botli from the Mogaung grits as wtdl as from the Irawaddy 
beds of this area renders, however, the precise age of the beds suc- 
ceeding the unconformity very doubtful. The Irawaddy series in 
Pakokku is, according to Sub-Assistant Sethu Eajna Rao, some 8,000 
feet thick. No distinctive fossils are known from its upper beds, but, 
no doubt, they are, in part at any rate. Upper Siwaiik. It seems 
probable that some of the so-called “ Plateau gravel ” is also Upper 
Siwalik, since I am informed by Mr. Stuart and Mr. Cunningham Craig 
that these gravels have often a very considerable dip. From Kyaulr- 
wet in the Pakokku district Mr. Ijister James has obtained some tooth 
fragments referable to CadurcMlienvm, which point to a still lower 
estuarine zone in the aquitanian. 

It only remains now to express in tabular form the subject 
matter of the preceding pages. This is done in the table on 
page 205, which will, I hope, render my explanation clearer. 

' Pilgrim: Re'- GeJ. Surv. fnd.. XL. pt. 1 p. 68. 

2 Stujirt ; Rec, QeoL Siirv. Ind,, XXXVIII, Pt. 4, p. 200 (1910). 

3 Stuart; ift/d.. p. 274 . 
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On this page and the following will be found a revised list of the 
Tertiary Mammalia of India, to each species being added the main 
localities in which it has been fouAd and its geological horizon. I 
do not think there are many of the species, whose stratigraphical 
position is open to doubt. It is, however, possible that later discoveries 
may on the one hand modify our present ideas on the range of cer- 
tain species and on the other conduce to the separation of forms 
now classed as one. 

Fresh discoveries have necessitated numerous alterations in the 
nomenclature of genera and species since the latest allusion to them 
in the publications of the Geological Survey of India. These have, 
as a rule, been adopted without comment, but I have lately pub- 
lished^ brief preliminary notes on new species or changes for which 
I am myself responsible, to which reference can be made if 
desired. 


Tertiary Mammalian Fauna of India. 



Localities. 

Nari. 

r.owor 

Siwalik. 

Middle 

Siwalik. 

Upjicr 

Siwuiik. 

PRIMATES. 






Simla sp. cf. satyruH .Limi. . 

Siwalik Hills . 

— 




"f* 

Sivai)ithccus indicus. Pilgrim 

Alipur (Punjab) 

— - 


— 


Anthiopopitluxjus sivaleiisls, 

Jahi .... 

— 

— 


— 

Dryopithofius pjmjabicus. 

Chenji(Sr^klt Range) . 







Pilg. 

Semnopitliecus palseindicus, 

Siwalik Hills . 



■ 

_ 

+ 

Lyd. 

Somnopitheoiifl asnoti, Pilg. 

Asnot .... 



■ 

■f 


Macacus Bivalcrisls, I^yd. 

Aanot .... 

— 

— 

+ 



Papio .siib-himalayaiius, H. 

Siwalik Hills . 

— 

— 


4- 

Meyer. 

Papio falconeri, Lyd. 

1 

Siw'alik Hills . 

1 


— 

— ■ 


CARNIVORA. 






Oissopsalis camifex, Pilg. . 

Dissopsalis ruber, Pilg. 

Chenji and Kotal Kund 
( Salt Range) . 


+ 



Chonji (Salt Range) . 

— 

-f 

. 



Pterodon bugUoiiHis, Pilg. . 

Bugti Hills 

+ 






Pterodon sp., Pilg. 

Biigti Hills 

"h 







Hyscnarctos paloiindicus, 

Jabi 



+ 


Lyd. 







' Pilgrim: Notices of New Miimnialian Goacra .and Species tr m the Tertlaries of 
India. Bee. Geol. Surv. Ind,t QZ (1910). 
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Tertiary Mantmaliaa Fauna of XtiSve^-^contd. 



Localliics. 

Nart. ^ 

Lower 
iwalik. h 

1 

.Middle j Upper 
Uwullk.'siwnlik. 

CARNIVOHA— 
HysDnarctoB punjabiensiB, 

Lyd. 

Hyaonarotos sivalousis, F. A 

C. 

Melursus thoobaldi, Lyd. 

Asaot .... 



i 

+ 1 


Siwalik Hills . 

— 

— 

— i 


Kangra .... 

— 

— 

— 


Mell ivorodon j:»alaeinilicus, 

Asiiot ; Niki 

— 

— 

+ i 

— 

Lyd. 

Mollivora punjiibieiisiB, Lyd. 
Mollivora sivalensis, F. & C. 

Asiiot .... 





+ 1 


Moginaad (Siwalik Hills) . 

— 

— 



Musicia sp., Lyd. 

Siwalik HilLs . 

— 

— 

— 


Eiihydriodou sivaleiisw, F. & 

C. 

Lutiu palsDindica, F. & C. . 

Siwalik Hills . 

— 

— 

— 

+ 

vSiwalik Hills . 


— 

— 

+ 

Lutra bathygnathuH, Lyd. . 

Punjab .... 

— 

— 

+ i 

— 

Aniphicyon of. major, Blainv 
Ampliicyon [w^hBindicus, Lyd. 

Bugti Hills 

-h 

— 


— 

Kushalgarh ; Sind ; Cheiiji ? 

— 

+ 

i 

— 

Amidiicyon lydckkeri, Pilg. 

Nurpur. 

Asnot .... 

— 






C'^piialogalo Bhahbazi, Pilg. 

Bugti Hills 


— 

— 

— 

Catiw cautleyi, Bobo . 

Siwalik Hills . 

— 

— 

— 

+ 

Vulpc.s ourvipalati, Bos(i . 

Mogiuaud (Siwalik Hills) . 

— 

— 

— 


Hysoiia feliria, Boso . 

Siwalik Hills ; Jamu 

— 

— 

— 

+ 

Hyaana cohini, Lyd, 

Siwalik Hills ; Kangra 

— 

... 

— 


Hyifiiia sivalensis, Bose 

Siwalik Hills . 

— 

— 

— 


Lyoyauiia macrostoma, Lyd. 

iJabi ; Dhok Pathaii ; Asnot 

— 

— 

+ 

— 

Lopthyasiia swalonsis, Lyd. 

Asnot ; Dhok Pathan 

— 

— 

+ 

— 

PalhyiBna proava, Pilg. 

Ghenji (Salt Range) 

— 

"h 

— 1 

— 

Palhyajna iudioa, Pilg. 

Asnot .... 

— 

— 

t i 

— 

Palhyaona sp., Pilg. 

Asnot . . 

— 

— 

+ 

— 

Viverra bakeri, Bose . 

Siwalik Hills . 

— 


— 

4- 

Viverra durandi, Lyd. 

Siwalik Hills . 

— 

— 


+ 

Aclurictifl .sivaleiisis, Lyd. . 

Pimjab .... 

— 

— 

+ ' 

— 

Aoluro].)sis annectans, Lyd, . 

Asnot .... 

— 

— 


— 

Macha)rodu.s sp., Pilg. 

Cheuji (Salt Range) 

— 


— 

— 

Madia rodus sp., J^yd. 

Asnot .... 

— 

— 


— 

Machaorodus sivalcnsis, F. & C. 

Siwalik Hills ; Hosliiarpiir 

— 

— 

— 

1 

T 

Madiaerodus yialaiiiidicus, 

Siwalik Hills . 

— 

— 

— 

+ 

Boso. 





Cynaalurus bradiygiiatlius. 

Siwalik Hills . 


— 

— 

+ 

Lyd. 

Siwalik Hills . 





Folis cristata, F. & C. 

— 

— 

— 

+ 

Fells siibhiinalayaua, Bronii. 

Siwalik Hills . 

— 

— 

— 

-1- 

Felis sp., Lyd. . 

Jabi (Punjab) . 

— 

— 

+ 

— 

Folis sp . Pilg. . 

Bhyta (Punjab) 

— 

— 


— 

RODENTIA. 






Nesokia sp. of. hardwickii. 

Siwalik Hills . 





4- 

Gray. 






Rhizomys sivaleusis, Lyd. 

Jabi . . . . 

— 

— 

+ 

— 

Rliizomys sp., Lyd. . 

Siwalik Hills . 


— 


4- 
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LQcalitiea. 


RODENTIA-cortfeZ. 

Hystrix sp., Lyd. . . Moginand (Siwalik Hills) 

Hystrix sivalcnsiw, Lyd. . Asiiot 

Caprolagua sivalen.si8, Major Siwalik Hills . ! 


PROBOSOIDEA. 
Dinotlierium indicium, Falc. 


Dinofcherium itidiciim, Falc. 

var. naricnm, Pilg. 
Diiiothcriuin sindicnsc, Lyd. 
Mceritlierinm (?) sjk, Pilg. . 
Tetrabclodoii (•re;)us(;iili, Pilg. 
Tetra belodon angustideiis, 
Cuv. 

Tetrabelodon jiaiidioriLs, 'Falc. 

Tetra belodon falcoiieri, Lyd. 
Mastodon perimeusi.s, F. & (!. 
Mastodon eaiitleyi, Lyd. 
Mastodon sivaleiisis, F. & 

Mastodon latideiis, Olil’t 

Mastodon punjabiensis, Lyd. 
Stegodon clifti, Fale. . 

iStegodon bonibifrons ]^\ «.V t '. 
Stegodon gancsik, F. & 

St<*godon insigiiis, F. &. C. . 

Elepltas planifrons, F. & 

Elephas hysudricus, F. & ( i. 


Sind ; Bugti Hills ; Kuelial- 
garh ; Dera (Biazi Khan ; 
Clienji ; Siwalik Hills . 
Bugti Hills. . . 

Sind ; Mari (Koliat) ; LJiojiji 
Bugti Hills 
Bugti Hills 

ilugti Hills ; Bakrala Ridge ; 
Chenji 

A.snc)t ; Kiki ; Sind ; Periin 
1. ; Bugti Hills. 

Sind ; Astiot . 

Periin 1. ; Sind 
Periin I. ... 
Leliri : Kangra ; Hoshiar- 
|»ur ; Siwalik Hills. 

.Aj'iiot ; Vcnangyaimg ( Bur- 
ma). 

Niki ; .A.snot ; Dliok Patlnin 
^iualik Hills ; .Lsnot ; Ye- 
iiangyauiig ( Burma). 
Siwalik Hills ; A.sriot ; Niki 
litdiri : Hosln'arpur ; Si- 
vvnlik Hills; Pabbi Hills 
Lc'hii ; Ho.slii;irpur ; Si- 
valik Hills. 

Lchri ; Kanirra ; Pinjor ; 
Siwalik Hills. 

Hoshiarpur; Kangra ; Sivva- 
lik Hills ; Pabbi Hills . 


PERLSSODACTYLA. 

I 'adiircotheriuiu indie um, Pilg. Bugti Hills . . . i 

Accra therium bugtiense, Pilg. Bugti Hill.s 
Aoeratherium lydekkeri, Pilg. Asnot ; Burma ; Niki ; Jabi 
Aeeratherium perinienso, Perim I. ; Sind; Dliariala 
Falc. ( Sal t Range). 

Aceratheriura gajensc, Pilg. Sind (Gaj series); Bugti 
Hills 

Aeeratherium gajeuso var. Sind .... 
intermedium, Lyd. 

Diceratherium shahbazi, Pilg. Bugti HiUa 
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Tertiary Mammalian Fauna of India— (ronM. 



Localitien. 

Nari. 

Lower 

Siwalik. 

Mlddin 

liwalik 

Upper 

Siwalik. 

PBRISSODACTYLA— fOKirf. 
Diceratherium naricum, Pilg. 

Bugti Hills 

-h 




Telooceraa blanfordij Lyd. . 

Bugti Hills 


— 

— 

. — 

Teleooeras blanfordi, Lyd. 

Niki .... 

— 

— 

-f 

— 

var. iiiihi. 






Teleoceras fatohjangensc, 

Ajiirwala (Kala Chitta Hills) 

+ 

— 

— 

— 

Pilg. 

SiwalikHilla ; Pubbi Hills 





Dicerorliirvus platyihinus, F. 

— 

— 

— 

+ 

&C. 






Rhinocoros sivalonaia, F. & 

Siwalik Hills ; Asnot ; Dhok 

— 

— 

+ 


C. . 

Rhinoceros pal seiiidioua, F. & 
o 

PatMn; Burma 

Siwalik Mills ; Asnot ? 

— 

— 

? 


Hipparion perimense, Pilg. 

Perim I . . . 

— 


— 

— 

Hipparion feddeni, I^yd. 

Perim I. . , . . 

— 

“1- 

— 

— 

Hipparion theobaldi, Lyd. 

Kaipap ; Niki ; Dhok Pa- 

— 

— 

-1- 


Hipparion punjabiense, Lyd. 

(hail. 

Niki ; Dhok Path5n . . 

■ , 

— 



Hi 1 podactylus antilopinus. 

Siwalik Hills . . , 

— 

— 

— 

I + 

f. & c. 

Hippodaotylns olusbolmi, 

Dhok Patluin . 





! 

Pilg. 

Siwnlik Hills; Btipar ; Lchri; 





Eqiiwa sivalcnais, F. & C» . 


— 

— 

; + 

Eqinis namadicus, F. & C . 

Pabbi Hills. 

Hoshiarpur ; Kaugra 

— 

— 

— 

1 + 

1 

ANCYLOPODA. 
Phyllotillon naricus, Pilg- . 

Bugti Hills 

-1- 



1 

! 

! 

Sc’diizotheriuin (?) sp. . 

Bugti Hills 

-1- 



— 

; — 

Chalicotlieriura (?) sindiensc. 

Sind ; Bakrala Ridge ; Chenji 


+ 


; — 

Lyd. 

Chalicotheriuin (?) sp. 

Tatrot .... 

• 




Chalicotherium sivalcnse, F. 

Siwalik Hills . 





: + 

&C. 

ARTIODACTYLA. 
Anthmcotheriuin biigtiensc» 

Bugti Hills ; Ajiirwala 

+ 

1 

1 — 

( 

i 

Pilg. 

Anthracotherium (Micro- 

(Kala Cliitta Hills). 

i Bugti Hills 

-f 

■ 

■ 

i 

selenodon) mus, Pilg. 
Anthracothorium (Micro- 

; Sind, Asnot (?); Oaro 





selonodon) silistrense, 

Pent. 

Ancodus ramsayi, Pilg. 

■ Hills; Chenji; Siwalik 
i Hills. 

Bugti Hills 





Brachvodus hyopotamides, 

! Bugti Hills 

-H 


— 

i 

Lyd\ 

Brachyodus gigantous^ Lyd. 

i 

j Bugti Hills 

+ 

-i 

— 


j 


c 
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LociUities. 

Xari. 

Lower 

Siwalik. 

Middle 

Siwalik. 

Upper 

Siwalik. 

ARTIODACT YLA— confeJ. 
BmcKyodus africaiius, Atulr. 

Bugti Hills ; Ajurwala 

+ 




Mcrycop.s lougidctitatus, Pilg. 

(Kala nhitta Hills) 

Bu^ti Hills 





Hyoboops palteindicus, Lyd. 

Sind .... 


•b 





Hyoboops naricus, Pilg, 
Meryoopotamus dissimilh, 

Bugti Hills 

Asnot ; Siwalik Hills ; 

+ 



+ 

F. & C. 

Meryoopotamus nanus, F. & 

c. 

Hcmimeryx spocdosus, Pilg. . 
Homimeryx blanfordi, Lyd. 

Bhimber. 

Asnot ; Siwalik Hills 

— 


-b 

+ 

Bugti Hills 

+ 




•_ 

Sind .... 


+ 





llomimeryx pusillus, Lyd. . 

Kushalgarh; Ohonji; Pcrim 

— 




— 

Tolmatodori bugtierisw, Pilg. 

1; Sind. 

Bugti Hills 

-4- 




Telmatodon (?) sp., Pilg. . 

Pakokku (Burma) ; Sind . 



"b 




Ounotelma shahbazi, Pilg. . 

Bugti Hills 



— 



I’hfleromoryx silistrensis, Pent. 

Garo Hills; Sind 


-i- 



Clueroiucryx sp. mihi . 

Asnot .... 




+ 

— 

Tetraconodon magtius, Lyd. 

Asnot .... 




•h 

___ 

non Falo. 






Tetraconodon minor, Pilg. 

Yenangyaung (Burma) 





+ 


Bugiitherium grandiucisl- 

Bugti Hills 

-f 

— 


— 

vum, Pilg. 





PalasochooTus affinb, Pilg. 

Bugti Hills 






Palteochoerus pcrimonsis. 

Perim I 

+ , 




Lyd. 





Hy other ium sindicnse, Lyd. 

Sind ; Chenji (Salt Ibingo) ; 





— 

Listriodon i)ent}vpotamiae, 
Falo. 

Kushalgarh. 

Kushalgarh ; Sind ; Niki ; 
Clienji 


H- 

? 


Listriodon thcobaldi, Lyd. 

Jabi ; Chenji . 

___ 

'b 

-b 



Hipiiohyus sivalensis, F. & C. 

Siwalik Hills . 




-b 

-b 

Hippohyus lydokkeri, Pilg. . 

Asnot .... 





+ 


Siis liysudricus, F. & C. 

Sind ; Kushalgarh ; Asnot ; 
Siwalik Hills ; Chenji 


-1- 

-b 

"h 

Sus falconeri, Lyd. 

Siwalik Hills . 





-1- 

kSus punjabiensis, Lyd. 

Asnot .... 





+ 


Sanitherium scdilagintwcitii. 

Kushalgarh 



+ 


— 

Meyer. 




Poti\mocho 0 rus titan, Lyd. . 

Asnot ; Niki 






Potamochosrus hysudricus, 

Siwalik Hills ; Asnot 

— 

, 

+ 

4- 

F. & C. 





Potamcolioerus giganteus, 

Siwalik Hills • 

__ 



-b 

F. &C. 





Potamoohoerus magnns, F. 

Siwalik Hills . 





+ 

&0. 





Potainochoerus sp., Lyd. 

Asnot . . . 




"b 


Hippopotamus sivalensis, 

Siwalik Hills . 







F. & C. 

J 

1 
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Localities. 

Nari. 

Lower 

Siwalik. 

Middle 

Siwalik. 

Upper 

Siwalik. 

ARTIODACTYLA— confef. 






Uippopotamus sivaloiisia, 
F. & C. var. angustidona, 

Asnot ; Dhok Pa than 

— 

— 

+ 

4- 

Lyd. 





L.*, 

Hip])opotamu3 imvaticus. 

Y onangy aung ( Burma ) ; 

— 

— 

4- 



F. & C. 

Asnot. 





Caiuelua sivalciiais, F. & C. . 

Siwalik Hills ; Hosbiar- 

_ 


— 

+ 

(.’anudus aniiquus, hyd. 

pur; Bupar; lOuigra ; 
Madinpiir ; Leliri. 





Moginatul (Siwalik Hills) . 

— 

— 

— 

4- 

Prodremothcriuin bcairix, 

Bugti liills 

-1- 






Pilg. 






(jiclodis uaricus, Pilg. 

Bugti Hills 

+ 





___ 

Dorcabune anthracothoi- 

Chcnji and Kotal Kiind 


+ 





oidos, Pilg. 

(Saltllange); Sind. 





] )orca thori u m birmauicu m , 

Y enaugy aung ( P.urma , Pegu 

— 

4- 


— 

Nootling. 

Korios) . 





Doroatherium niajus, Lyd. . 

Kushalgarh ; Sind ; Chcnji 

— 

+ 




Dorcatherium niimis, Lyd. 

(Salt Range) ; Asnot. 
Pohta ; Asnot ; Chcnji 



4- 


Traguliia sivalensia, Lyd. 

Asnot .... 

— 


4- 


ProgiraiTa oxigua, Pilg. 

Bugti Hills 

H’ 

— 




ProgiralTa np., Pilg. . 

Sind .... 


-h 

! — 



Progirall'a sivalcusis, Lyd. . 

Siwalik Hills; Chcnji 

— 

-r 

I — 

— 

(liralTa sp., Falc. 

(vSalt Range). 

Perim I. ; Chcnji (Salt 


4‘ 

j __ 


OiralTa punjabieiisis, Pilg. , 
Uiralfa sivalensis, F. & C. . 

Range). 

Asnot .... 



j 

4- 


Siwalik Hills . ' 






4- 

Vishnu tJierium ira vatic uin. 

Burma ; Asnot . 



i 

4“ 


l.yd. 

(J irall'okery X pun ja biciisis. 

Chcnji and Phaelial (Salt 





Pilg. 

Range) 

— 

4- 

— 

— 

Helladotbcriuni grande, Lyd. 

Asnot ; Dhok Pathaii 

— 

— 

4- 



Tndratherium iiiajori, Pilg. 

Markanda (Siwalik 1 tills) 

— 

— 



Urania Lheriuin jicrinicuse. 

Perim I. ... 

. _ ; 

4' 

— 


Falc. 

llydaspitlicrium magnum. 

Asnot .... 

i 

1 

-j- 


Pilg. 

Hydaspitherium megacopha- 

Asnot ; Niki 



4- 


luin, Lyd. 

HytUspitherium birmani- 

Singu (Burma) 

1 

_ 

, 4- 

■ 

ciim, Pilg. 

Sivathorium gigantcum, F. & 

Siwalik Hills ; Kangra ; 




4- 

C. 

Pabbi Hills; Makhad. 





Mosijhus sp., Lyd. 

Punjab . • . 

■ — 

— 

4- 

I — 

Ccrvus sivalensis, Lyd. 

Siwalik Hills ; Tatrot 





4- 

Cervus simplicidens, Lyd. . 

Asnot ; Dhok Pa than 




4- 


Cervus triijlideus, Lyd. 

Punjab .... 


— 

4“ 

— 

Bubalus palaoindicus, Falc. . 

Siwalik Hillii . 

H 





c % 
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ARTIODACTYLA— ejKti. 
Tetraceros daviesi, Lyd. 
Oobus xtatulicornls, Lyd. 
Cobus paliBindicus, Lyd. 
Cobufl gyrioornis, Falc. 
(iazolla porrecticornis, Lyd. 
Hippotragus sivalonsis, Lyd. 
Boselapluis lydekkeri. Pilg. 
Bo.solaphiis sp. of. namadi- 
ouSf Rut. 

Strepsiceros (?) falcoueri, 
Lyd. 

TaurotraguslatidenB, Lyd. . 

Tragooerua psrimensia, liyd. 
Tragooenis punjabicus, X^ilg. 
Homitragua Hivalcnsis, Lyd. 
Bucapra daviesi, Rilt. 

Antja ap., Pilg. . 

Auoa triquetricomis, Riit. . 
Aaoa antilopinus, F. & C* . 

Amphibo.s aouticomia, R'it. 
Baffelua palsaindicua, Falo. 
Biiffelus platycero.a, Lyd. 

Loptobos falconori, Riit. 
Bison sivalonsis, Lyd. 

Bos acutifrons, Lyd. . 


Siwalik Hills . 

Siwalik Hills ; HoRbiarpur 
Siwalik Hills . . . 

Siwalik Hills . 

A.snot .... 
Siwalik Hills ; Kangra 
Aanot .... 
Siwalik Hills ; Kangra 

Perim 1. . 

Asnot ; Yenangyaung 
(Burma); Nila. 

Perim I. . . . , 

Bhok Patb4n ; Asnot 
Siwalik Hills , 

Siwalik Hills . 

Aanot .... 
Siwalik Hills . 

Ganawa Khal (Siwalik 
Hills) ; Kangra. 

Siwalik Hills . 

Bubhor ; Jamu 
Sutor (Kangra) ; Pabbi 
Hills. 

Siwalik Hills . 

Pinj or ( Siwalik Hi) Is) 
Kangra .... 


Bos planifrona, Lyd. . . Kangra . 

Bos p1atyrhinuS| Lyd. . Kangra ; Umb 



+++++ +++ ++1++11 I I + I + I ++++ 
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Persia and Makran^^^“g'^0'* 


Siwalik Hills. 


Pliocene . I’luviatile doposite of Sid 
and Bakhtiyari aeries. 
(Horizon unccrtaii 


Upper Siwaliks 

Equus sm- Caineivstimlentis; Equutsivakn- 
m gigatUeutn ; »is; SivatAeriuin gigantmn; 

tus; Euffdut Ehphat hytudrim; Potamo’ 

|ip. varioud. cAeerus gi^anieiu ; jHippodady- 

[ iua aniiJopinut. Boi. sp. 


Fluviatile deposits of 1 
upper portion of the In 
waddy series ; tUt< 
“Plateau gravels’* (hoi 
zoo uQoertain). 


mgmphduu 


I Deposition scanty 


Lowest beds of the In 
waddy series. 

(Middle Siwaliks) 

Mattodon laUiUns ; Bivpami 
punjabitnge; Tetraamoaon mis 
Taurotragut latidetii* 


Sarmutian . 


j m ; Binotht' j 

Tortouian . (^^gntinuous scries of niij . i 

■' beds from Stfirapiau ; 
wards to an unconfori 
wliich is at the lorto. - 

■■I in Northern Persia ail 

Southern Persia later. 

Helvetian .1 


Nahan series 
(Ijower Siwaliks) 
Miermknodon silidfmBU j 
Dinottierium indieim ; Progi- 
raffa skalmm. 


Pegu series 

Marino conditions downws 
at least to Stampian. 1 
tuarine beds with Don 
thmum himanlciim i|2 
feet below the top. Lo( 
uDcoijformities at me 
than one horizon. 


Burdigaliaii 2one ol Oatmi hWmnji\ 

Vied. i 


Aquitauian ! 


Dagsliai series 


Stampian 


Zone of Ostrea latimargim 
Vred* 


; Upper Nari Estuarine beds 

nt or if ; Apparently absent or if Zone of Cadurcothmu 
^ present marine. mdtcum. 


Lower Nari 

lit. Apparently absent. 
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INTRODUCTION. 


S INCE the yeaf 1 8813, when the lirst and only general account of 
the geology of Kashmir appeared [Mem. Geoh Surv^ 
India, Vol. XKII), much detailed strati- 
Kfaial rarvey M^Kashair." *''* graphical and pal®ontologioal work has 

been accomplished in otlier Himalayan 
areasj notably Kuinaun aiul Spili, with the result that an extensive belt 
of very richly fossiliferous sedimentaries in those regions has been fully 
ex|dored and coiTelated more or less completely with staiidaid European 
horizons.^ 


^ The list of papers and monc.grapbs dealing with this subject is too lengthy to quote 
here, but in particular oue may refer to tlie works of Gricsbaoh, Hayden, von Krafft and 
Diencr, in the Records and Memoirs of the Geological Survey of India, and in the PalaoU' 
tologia Indica (see list of refei'enees at the end of this paper). 
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Until recently no opportunity occurred of testing the old Kashmir 
se(|uence by the light of these later surveys, and when such did occur it 
resulted in a few short and spij|;smodic visits only. These, nevertheless, 
were characterised by new and striking discoveries that pointed to some 
serious deficiencies and not a few mistakes in the original general 
description referred to above.^ 

If one takes into account the size of Kashmir and the adjacent 
territories treated of in Lydekker^s memoir and map, if one also remem- 
bers the rugged, mountainous, and often inliospitable nature of the 
surface in the more out-of-the-way pm*ts, and finally if one bears in 
mind the cardinal fact that geology is always progressive, one is not so 
much struck perhaps by the circumstance that revision has been found 
necessary over some parts of the area, ai by the fact that Lydekker 
accomplished as much as he did. In such a (mmplex field, those wlio 
follow after the original pioneej*, fitted out with later knowledge and 
more complete records of adjacent regions, must of necessity come upon 
new discoveries and detect certain errors, great or small as the case may 
he?. If, therefore, in this paper I seem to indulge in much detailed 
criticism traversing Lydokker's early work, I wish it simply to be 
understood that this arises from the nature of the case, and is in no 
sense remarkable. 

As a case in point, in a recent paper in tliesc Records (Vol. XXXVII, 

pt, 4, pp. 319—1327), the result of a few 
Lldar vaHcy months^ visit to Kashmir in 1908, I drew 

attention by means of, and in consequence 
of, some sections near Eishmakam, Dowhat (Duwhat) and Lur (Lir) 
to an interpretation of the structural folds and stratigraphical sequence 
in tlio Lidai- valley that differed materially from the one adopted by 
Lydekker [loc, cit, pp. 136 — 138, 227). Instead of there being a 
number of isoclinal folds of Permo-CarbouiEerous and Trias rocks 
(Ruling and Supra-Kuling of Lydekker) repeated among an older 
system of Panjal traps, slates and quartzites, then believed to be of* 
Silurian and Cambrian age, I provisionally hazarded the opinion that 
the whole oF this seeming complex was merely a regularly ascending 
series from beds of Lower Carboniferous age exposed at Eishmakam up 
to the Pormo-Carboniferous and Trias of Pailgam (Palgam), taking in 
on the way in ordinary sequence the so-called Paiijal quartzites and 

' Ecfercnces to the publiahcd accounts of these will also be found at the end of this 
paper. 
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slates with the supposed Ruling isoclines, the agglomerates, and the 
Panjal volcanic flows— which last by this interpretation become of about 
Upper Carboniferous age. * . 

During last summer (1900) 1 had the pleasure of revisiting the area, 
and was able to establish fully by further detailed study the provisional 
conclusions given above. As a result, the stratigraj)hical sequence at the 
above localities now becomes as follows in descending order : — 

{f) Permo-Carboniferous and Trias of Pailgam. 

(c) Panjal volcanic flows, ( ? Upper Carboniferous), between 
Virsiren and Genesbal. 

{d) Agglomeratic Slate Series, of the neighbourhood of Bhatkot, 
etc. 

{c) Fenestella Scries (? Middle Carboniferous), Black shales and 
Quartzites of east bankof Lidar valley, south-south-east 
of Dowhat and Lur. 

(i) Passage Beds. 

(a) Syringothyris Limestone Series, (Lower Carboniferous) of 
Eislimakam Hill. 


This order is also the surface order of outcrop of the beds from 
Pailgam down to Eishmakani, so that witli an apparently steady N. E. 
dip throughout, there is no need to invoke any complicated folds 
to explain the present lie of the beds. Confirmation of this was also 
afforded during last season^s work by my tracing to the S. W. of 
Eislimakam as far as the main opening of the valley S. E. of Shari 
Bal Station, exactly the same sequence hut in reversed order a.nd 
with opjiosite dips, a condition which naturally implies the complemen- 
tary half of one grand anticlinal arch in a normal ascending series of 
formations. 

As it is of some importance to appi'cclate exactly this initial point of 

divergence between Lydekker^s iiiterpreta- 

lllnitrative sections. z* r t • i ii i • 

tion of the Lidar valley sequence and mine, 

I reproduce the former^s original diagrammatic section from Pailgam to 
Islamabad as given in his memoir, and with it for comparison I give my 
own section through nearly the same area (see PI. 29, figs. 1 and 2), It is 
necessary to say, however, that some of the differences observable between 
the two intei^pretations are due to the line of section being not quite the 
same. This is, however, only a matter of detail : for the moment the 
two views thus illustrated may be regarded as a brief statement or opening 
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of tho cas6« I would specially draw attention to the part of each sec- 
tion marked A — B, which is the cmx of the whole matter. On the 
other hand^ the inversion or no inversion, as shown at tho south-west 
end of the two sections, is merely a matter of the exact course of that 
part of the section, which at one place is much as Lydekker has djuwn 
it, and in another as drawn by me. 

From the examination of this question I was gradually led furtliei* 

afield studying neighbouring and related 

Other new discoveries Ifl neigh- areas, until the accumulated data pmeti- 
bourlog areas. „ c 4 i 

cally took the form of a resurvey of the 

portion of Kashmir illustrated in Plato 39. Instead, therefore, of 
stopping now to enlarge on and give detailed proofs for my parti- 
cular interpretation of the LIdar sequence (inasmuch as its elaboration 
is only a single, though important, incident among many new results 
attained here both as regards structure, stratigraphy, and the defining 
of several exact fossil horizons), it will bo well to rc-describe afresh the 
whole area comprised within the accompanying map. In this way 
jifi orderly account of tlio complete stratigraphical record from bilurian 
to Trias will be secured, with the above and other long-standing errors 
and omissions rectified, and much fresh matter of Interest introduced. 

I have to thank the Kashmir Darbar for permitting me again to 
work and collect in tho State, and for all the facilities accorded me in 
caiTving out my explorations. I must also acknowledge \vith pleisuro 
the great assistance in collecting rendered me by student Lala Joti 
Parshad, li.xV., who was receiving fiehl-trainiiig at my hands. By means 
of his ijitolligcnt co-opei'aUon I was able quite to doul)le the aiuouiit 
of palicoiitological material that I should otherwise have amassed. 

General outline of the stratigraphical sequence. 

It will conduce to clearness if for tho moment we assume my conclu- 
sions, and for descriptive purposes adopt a division of the stratigraphical 
record embraced in this note into two principal portions, namely, the one 
below and the one above the great Paujal volcanic series. On that 
assumption, considering the enormous dilTercnce the accumulatiou of about 
10,000 feet of these lavas and agglomerates has made to that sequence, 
and to the surface results of the mountain area now sculptured out of 
them, the convenience of such a division becomes obvious. For these 
volcauic accumulations thereby represent an interval of time, however 
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great or small it may aotiially have been^ during which events of a 
revolutionary character moved quickly, and the whole order of things 
became changed ; when peaceful marine sedimentation gave place to 
volcanic outbursts on so grand a scale that there is but little doubt that 
great accompanying changes of level and of land and sea areas must 
have occurred, not only as a consequence of this enormous extravasation 
of molten magma, but also as a preliminary to it. This is hinted at, 
as wc shall see, by an unconformity below the volcanic series and by the 
land areas that followed those volcanies bearing a (londwana flora^ ; 
whilst the close of this revolutionary period is finally marked by the 
re-establishment of the Tethys sea and the return again to ordinary 
marine conditions during Permo-Carboniferous and Trias times. 

Furthermore, if the Talchir age, provisionally ascribed to the lowej* 
of the Gondwana plant horizons in the Golabgarh pass is correct, tlie 
revolutionary nature of the preceding period is accentuated when we 
lecall the fact that widespread glacial conditions then obtained over the 
continents of India, South Africa, Australia, etc. 

The following outline table will now indicate the main sub-divisions 
in descending order, as determined by my survey : — 

DIVISION B. 

{Above the Paitjal Volcanies,) 

1 1. Upper Trias. 
lU, Muschelkalk. 

9. Lower Trias. 

8. Zewan or Perino-Carboiufcroiis. 

7. (iangamopteris Beds (Lower GondWanas). 

Panjal VoLCA^fic Flows. 

Agglomeratic Slate. 

DIVISION A. 

[Below the Vaujal Volcanies,) 

0. Fcnestella Series (? Middle Carboniferous). 

5. Passage Beds. 

4. Syriugothyris Limestone Series (Lower Carboniferous) . 

8. '' Muth " Quartzite. 

2. Upper Silurian. 

1. Lower Silurian and (?) Cambrian. 

^ Rec, GeoL Surv, Ind., Vol. XXXVlI, pt. 4, p. 208. 
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DIVISION A. -BELOW THE VOLCANIC SERIES. 


L— Older Silurian and ? Cambrian. 

The lowest horizoa which cjiri be maintained with some probability 
by characteristic fossil evidence is the Upper Silurian, shown on the 
map as a narrow deep -tinted band bordering all the still older sedi- 
mentaries which are here referred to as Older Silurian and ? Cambrian. 

The exact age of these latter is very speculative. Fossils are not 

Obscure fossils entirely wanting in them, but as far as I 

have found them they are quite indetermin- 
able, partly because most of them am mere vague outlines or ferruginous 
smudges and partly because they no longei* are aggregated into a well- 
marked continuous horizon but appear here and there at random— ^shades 
or ghosts of fossils that are more numerous and less ill-j)reserved in the 
layers near to the Upper Silurian liorizoii, whilst away at some depth 
below this tlieir identity as organic remains would not be admitted by 
anyone who had not followed the process of their gradual effacement 
step by step from the higher, better preserved, layers. These chance 
layers of rusty spots and blotches, with occasional shell structure 
preserved, are all the evidence I can produce that older Silurian and 
possibly Cambrian are represented. The argument is summed up by sjiy., 
ing that they may be traced lying at many hundreds of feet below the 
Upper Silurian, and as they indubitably are fossil traces, they must be 
older than Upper Silurian and may be Cambrian. It is not imiwssible 
tliat some future explorer may be successful in finding what I have 
failed to do, namely, some better-preserved traces of the fauna of these 
lowermost rocks. 

The surface area wliere these older rocks are found is of considerable 
Dlsfrlbutloo extent in the portion of Kashmir here de* 

scribed, but there can be no doubt that 
further S, E. still larger areas are similarly composed. Three main 
valleys running N. E. — S. W, will be seen from the map to section this 
main area. They are (1) the Gugaldar-Harpatuar Valley, which joins 
the Lidar very low down in its course, (2) the valley of the Arpat river 
descending from Hairbal gali (pass), and (3), the Naubug valley 
descending from the Margan pass. Beyond the latter another tract of 
these] strata is shown deeply cut through by the Maru Ward wan (river) 
where the beds become gradually metamorphosed by "the intrusion of 


Dlsfrlbutloo. 
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Composition. 


the ordinary Himalayan gneissose granite (see sections, PI. 30, figs, 1 
and 2). 

In eomposition these older Silurian or Cambrian strata are very 

uniform and characteristic. The predomi- 
nant feature in them is their thin-bodded, 
argillaceous and siliceous nature, and their dull pale dnib colours, which 
only here and there become varied shades of purple, blue-grey and pale 
greenish white. A considerable sandy elenient, often micaceous, is 
frequently intermixed with the argillaceous, but sparingly so as never to 
give a imisdve or quartzitici aspect to the hill outcrops. There are also 
some (jalcareous layers in the upper parts, sometimes white and crystal- 
line, sometimes reddish browji in colour. Near Gugaldar, and between 
Hanlj )ura and llaiibal (especially in the latter place) as well as at 
(xauraii (Cniran) under tlie Margan ])a>s these limestones attain some 
thickness. Not a trace of fossils was found in them though they 
possibly represent the Silurian limestones of Spiti. The mixed, thin- 
l)edded material thus resulting may be generally described as slaty shales, 
sandy micaceous shales, or fine compacted earthy sandstones, siliceous 
shales and a few much altered limestones. No good clefivage has 
inlluenced them, but an imperfect cleavage is almost universal, whilst 
in jdaces shearing and cleavage have together brought about a gnarled 
asi)ect. A phyillilic condition prevails in many places, whilst in the 
Wardwan valley schlstosity becomes more prevalent as a result of tlie 
metarnorphic action of acid plutonic masses. Like their contemporaries 
over many parts of the world such rocks might he referred to as 
grey wacko. They give to the country-side soft rounded outlines as a 
result of the crumbling that inevitably afPects soft, but tough, stiata 
of tlieir com])Osition j and they thus have afforded easy progress for the 
glaciers that in pre-rccent times filled the^c valleys, and whose moraino's 
have still occasionally been preserved. Outcrops of rock can hardly be 
traced at all on the N. W. slopes of the hills where soil and forest 
prevail, but the sunny S. E. faces usually afford sufficiently continuous 
sections. 

The great mass of these grey wacke beds, as seen in the main western 

, . „ . . area, arch over in the form of a threat 

Structural Folds. i. i i rT 

anticlinal fold about a N. E. — S. W. 

axis, extending from the neighbourhood of Shamahal springs to 
Gauran in the Naubug valley, and beyond. The angles of dip on the 
north-east side oE the fold under the high watershed and over most of 
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tho area are rather steep, from 40° to 60°, but on the south-Nvest side 
of the fold in the Arpat river towards Paisau there is slight inversion of 
the greywackes and sueccediug strata, whilst at Gudramer (Gudaman) 
the same are nearly vertical. The axis of the anticlinal pitches towards 
the N. W., but the bending round of the strike which follows on 
this is obscured by the wide stretches of recent gravels of the Lidar 
valley. At the Margan pass these older palieozoic slates follow under 
the yoxinger strata forming with them a synclinal trough having steep, 
practically vertical dips at Lutherwan where tho greywackes reappear 
and continue down into the Ward wan valley. The structural folds in 
the latter valley could not be followed out. The phyllitic, sheared and 
incipient augen structures that become so prevalent in the Inshin 
(Wardwan) representatives of this system indicate mucli intimate des- 
truction of original structural planes in this valley, as a preliminary to 
a linal schistosity along new lines wherever the gneissose granite hands 
are approached. 


Il.~ Upper Silurian. 


U. Silurian fossils Identified. 


The identification of relatively well-preserved fossils in the 100 feet 

or so of strata coming immediately above 
the system last described, and at several 
distinct localities, introduces the tir.st new feature in the stratigrapliv 
of Kashmir, inasmuch as Lydekb^r deidared the whole of his Panjal 
system (which ho relegated to the Silurian and Cambrian) to be totally 
devoid of organic remains with the possible exception of some obscure 
impressions from one locality which might be graptolites {loc. cU,, 
p. 212). Beds of this age, with a cliaracteristic fauna, are now well 
known to occur in Spiti, Kumaun and Burma, but to the west in Hazara, 
the Salt Range, and other districts near the North-Western Frontier 
they have not yet been discovered, though they are known from 
Afghanistan. 

The following is a list of the places where 1 Imvo collected U 2 )per 
Silurian remains in Kashmir ; — 


(1) — Several points between Wajiu and Ilairbal Gali, including 

Gugaklar, where many specimens were gathered. 

(2) — Just S. W. of Gudramer (Gudaman) in the Naubug 

valley. This also is a rich locality. 

(3) —Below the Margan Pass on the S. W. side. 
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(4) — At Lutherwan on the north-east side o£ the Margan Pass. 

A fairly rich locality. 

It is however almost certain that an exhaustive search all round the 
dotted line as drawn on the map would reveal many more equally good 
places. The j^rineipal localities above enumerated may be shortly de- 
scribed in view of the interest attaching to them. 

(1) Guyaldar^lsA. 33° 5V, long. 75° 25'. — This village lies high 
up towards the head of the Harpatnar valley at the junction of two side 
streams. Much of the cultivated area of this hamlet lies on the spit of 
moraine and gravel-covered easy sloping land between the junction of 
these two streams. Immediately west of the village on tlie rocky (west) 
side of the right side-stream there descends a well-outlined spur from 
the superposed massive quartzite crags, with more thinly bedded siliceous 
shales below, and at the very base near the stream bed the 100 feet or 
so of blue-grey, msty weathering, sandy shales, occasionally calcareous^ 
and reasonably full of casts and Impressions of OrtkiSi etc., coated yellow 
with lirnonite — (1) 19-6-09.^ From this point the strike carries it E, 
by S. under the fields referred to above, and then along tlie slopes on 
the north side of the left side-stream. In the other direction it winds 
round several spurs on its way across the ridge to near Wajm. 

My collection was wholly made from the foot of the spur fii*st men- 
tioned, where a zigzag patliway winds up it. The rock is easy to find, 
here and at all other localities, if it be borne in mind that it is the 
topmost of the thin-bedded greywacke coming below the more siliceous 
shales and finally quartzites of the towering crags above (see section 
PI. 30, fig. 1). 

A provisional description of the fauna will follow the description of 
the other localities, as all arc practically identical in their fossil content. 

(2) Gudramer {Gudaman of Atlas Sheet) — lat. 33° 41', long. 75° 
27'.— This locality is situated in the high and pleasant valley of 
Naubiig. The beds outcrop nearly vertically from a gap in the ridge 
to the N. N. W. down to a spur descending to the river-bed at a point 
i mile S. W. and S. of the village. As before, its position can be found 
by its propinquity to the massive quartzite which follows to the S. W. 
The rock, though somewhat more calcareous in jdaces, is generally pre- 
cisely like that at Gugaldar, both petrologically and as regards fossil 
contents ~(1) 11-7-09. It is rudely cleaved (see PI. 30, fig. 2). 

' TLis and similar numbers indicate horizons as shown in the table, acetions and 
iketches. 
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(3) Under Margdn Pass S. IF. side — lat. 33® 44', long. 75® 32'.~ 
This is an elevated spot on the talus-covered sloi^es, after tlie main 
ascent to the pass has begun and a well defined steep little moraine 
has been ascended. It bears N. W. from the Shilsar Pass, where the 
continuation of the band can be seen to go. The rocky crags (again 
below the quartzite) arc much broken in outcrop, and collecting is 
difficult. A few sj)ecimens however were obtained, both when I 
ascended and descended the pass— (1) 21-7-09 (see PI. 30, fig. 2). 

(4) Liitherwan (crtwy?)— lat. 33® 4G', long. 75® 35'. — This locality 
is among the gently rolling, flower-strewn margs/^ befoi*e the main 
descent to Wardwan begins, at some 3 or 4 miles from the actual pass 
and just at the tree limit. There is no village, the place being only 
a summer grazing centre for flocks and herds. The fossiliferous band 
(1) 22-7-09, occurs in scattered small crags, jutting out from the slopes, 
opposite Lutherwan, and S. W. of the side-stream coming from N. N. W. 
to join the main stream near the bridge below Lutherwan. The direct 
path from Wardwan to the pass (not stopping at Lutherwan) goes 
directly across the beds, keeping to the further (left) bank of the main 
stream. The crags can be seen to outcrop up the higher slopes to the 
high ridge to the N. W., where possibly a more perfect section would 
be got. ^ I did not visit the ridge. 

The rock is of the usual kind, with a few subordinate brownish 
Petrology yellow calcareous bands. Its position, as 

regards the lower and iipi>er series witli 
which it is in sequence, is the same aff described in the localities before 
(see PI. 30, fig. 2). 

It may generally be remarked hero that a great proiwrtion of the 
fossil-bearing formations that will presently be described have a very 
similar composition to that given above. That is to say tney consist 
of a tough sandy shale or shaley sandstone, dark in colour, fine in 
grain and here and there hardened into lumpy pieces by a small pro- 
portion of calcareous matter. The latter (whether residual, and re- 
presenting what was once a rock of a much more calcareous nature, 
or not) may hero and there become a limestone. In fact the rock 
seems to change laterally from place to xflace. Daring these lateral 
changes it keeps much the same external appearance. It resists weather- 
ing and pressure, and also yields to them, in a minor degree. 1 am 
inclined to think that the preservation of occasional fossil layers in 
tboni is due to a combination of resistance and yielding to crushing 
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which a tough rock of this kind can do, followed by difEerential weather- 
ing at and near the surface. 

Throughout all these exposures the most common fossil forms 

represented belong to the family OrtUdcR. 
These in fact make up more than 90 per 
cent, of the whole fauna, and probably include several genera and 
species. I liave not, however, ventured to determine tliein more defi- 
nitely ; although not a few closely resemble specimens figured by Salter 
and Blanford (Paljeontology of Niti) and by F. 11. Cowper Heed from 
Burma {Pal. Ind., New Series, Vol. i, No. ii). A few Sfrop/iomcna 
are represented, a small Sptrifer, corals, among which Pelraia or 
Linddrmmia is rccognisablo, and a fair proportion oO small irilohiit 
fragments most of wliioh belong to the genera Calpnene, although 
Knerimms? and Achlaspn? are also represented. One s])ecinien of 
a hrtjozoon and one large Orthoceras complete the list as so far deter- 
mined, 

Tliere can be no doubt about the Lower Palicozoic character of 

this small fauna, whilst the probal)ly Upi)er 
Silurian age is rendered stronger "by the 
position of the beds being immediately at the base of what is believed 
to be the Muth (piavtzite of Spiti. Without the latter piece of evidence, 
the correlation of tlie.s3 beds with the Upper Silurian would be some- 
wdiat doubtful, as many characteristic forms such n^HelioUtes, Favosites 
and Jiahjsites caiemlaria^ Linn., that signalise the Spiti area are as 
yet unknown from Kashmir. The beds and also those below are 
generally less calcareous than in the neighbouring Spiti area. 

Muth ” Quartzite. 

In apparent normal sequence above the Upper Silurian horizon 
just described come vast thicknesses of very massive quartzite. The 
outcrop follows roujul that of the Upper Silurian, and makes a broad 
belt between it and the succeeding stnita. Having regard to this 
well-established position and the character of the rock facnes itself,, it 
becomes extremely probable that this quartzite is the equivalent of 
the Muth quartzite of Spiti, etc. 

In the main it is a massive quartzite, of granular texture, and of 
a generally white colour with spots and patches of ferruginous matter, 
(1) 2-3-6-09 — in all of which characters it repeats exactly those of the 
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Spiti and Kuraaun rock attributed to tliis horizon. In thickness it 
must be as much as 3,000 feet in places. Its lowermost beds become 
thinner-bedded siliceous shales where it passes down into the Upper 
Silurian. 

No fossils have been found in it ; so that, as in the case of Spiti 
and other areas, its exact age cannot be known ; the only limits being 
Upper Silurian below and Lower Carboniferous above. It may tliei^e- 
foro be of either of these ages, or it may be Devonian, or represent 
any two or all three of them. 

It is unnecessary to do more tlian state (as the map shows) that 
tins formation is everywhere found in contact witli the Upper Silurian. 
Even at those localities where the latter has not as yet boon established 
by fossil proof, the Muth quartzite has either been proved to occur, as 
near Paisan in the Arpat river, or can be recognised from afar as in 
the cliffs stretching N. W. and S. E. from the Margan Pass. 

Unlike the Silurian and (?) Cambrian, it makes very prominent 
clilTs and precipices at the surface, especially whore the dip is only 
moderately steep. Owing to the pitch of the axis of the anticline, it, 
like the formations below, disappears in the direction of the Lidar valley 
by the curving round of the strike, the last remnants of it in this direc- 
tion being seen at Ainu near Kishmakam and at the N. E. end of 
the Kotsu ridge, which latter rises isolated o\it of the gravels of the 
Lidar river-bed. 

IV.— Syringothyris Limestone Series (Lower Carboniferous). 

With this markedly different formation we once more reach a set 

of beds which at two or three ])laces are 

Sy^wgothyris from Kuliag. j 

rather richly tossiliterous. In ,lie Lidar 
valley, and probably In the Arpat river, the exposures of those heels 
coincide partly with areas marked hy Lydokker as Kuling and perhaps 
supra- Killing, but it is by no means evide/it tliat these particular fossili- 
feroiis horizons were detected by that observer, or that ho collected 
from them. Certainly the chief fossil, ByriyigoihyfU cmpdatdy does 
not appear among his collection as described by Diener (P«/. lad. 
Series XV, Vol. 1, pt. 2, p. 77, 1899) ivho only mentions two specimens 
from Kuling in Spiti collected by Stoliezka, and which he (Dienei^ 
then observed urere preserved In an entirely different rock from the 
ordinary Kuling shales, and hazarded the opinion that they came from a 
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lower bed. Later again {Pal. Ind. Series XV, Vol, I, pt. 5, p. 147, 
19i'3), it is true, Dieuer was , for the moment misled regarding this 
genus, which was, however, re'Cstablished by Hayden on the strength 
of more complete material (see Appendix to the reference above, added 
with Diener’s approval). 

When I wrote my previous paper on Kashmir [loc. eit, p. 319), I 

L. CarboaMcrosshoriioo. Eishmakfim, 

but believed myself in possession of sufli- 

cient evidence to regiird them as Lower Carboniferous, and as entering 
the sequence as noted there and in the Introduction to this paper, that 
is to say as separated from the Permo-Carboniferous (Killing) by many 
thousands of feet of Penostella shales, agglomcratie slate and Panjal 
volcanics. Since then the horizon has been traced by me almost 
continuously over a largo area, including 12 miles on tho N. E. side 
of the Silurian anticline from Kotsu in the Lidar valley to Hairbal 
Gali, whilst on the other side it is in evidence cutting across the ridge 
between Palsan and Tangamarg (Tanganrag of Atlas Sheet), and is 
only absent between that point and Kotsu by reason of the covering 
of alluvium. Beyond the Arpat river in a S. E. direction, as also beyond 
Hairbal Gali in the same direction, it apparently disappears from tho 
section in company with the succeeding formations by what is regarded 
as the unconforrnable overlap of the base of the Panjal volcanics. 

At the following localities the series is well exposed and has been 
collected from by me : — 

(1) Kotsu, isolated hill in the plain. 

(2) Eishmakam, on two hill spurs descending from Liwapatur 

Station. 


(3) 1 mileN. E. of Ainu (Azira of Atlas Sheet) at the tail end of 

a spur descending from Peak No. 1.^' 

(4) Ridge north of pass between Tangamarg and Paisau, whilst the 

bed was identified (without collecting from) high up the 
valley above Gugaldar in two separate stream beds, and 
at the foot of the Hairbal Pass. 


In all these places its position is between that of the underlying 

Otottact fro. ibe Zewa. S<»se. “M«th " qu^zite and an overlying series, 

either the slates and quartzites which 
eventually merge into the Eeuestella series (where these are preserved), 
or the agglomeratio slate and trap, where the latter has overlapped 
the Eenestella series. In other words its outcrop is separated by many 
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miles from any typical Zewan Anthracolithic or Permo-Carboniferous 
outcrops, and it clearly has nothing whatever in common with them. 

(1) KotmiyUolated hill in plain. — Lat. S3" 51 long. 75® 18'. — 
The rock series is mainly calcareous with subordinate shales and sand- 
stones or quartzite, and with a few bands of trap which may be intru- 
sive. A typical section is given in Plate 34 of the Kotsu hill viewed 
from the N. W., where the main Syringothyris limestone below is 450 
feet thick, followed by a trap band, a thin limestone band, and quartzites 
aggregating 300 feet which ai’e in turn followed by about 100 feet of more 
limestone. Only the lower 450 feet were collected from, and of this two 
bands (2) 12-5-09 and (2) 15-5-09 were found to be specially fossili- 
ferous. It is probable, however, that a similar fauna prevails obscurely 
right tliroiigh the limestone mass, although the latter was too precipitous 
to yield more than a hard joint face at right angles to the dip and from 
wliicli it was impossible to excavate. 

Tliis limestone is well-bedded, and of pale and dark grey colours. 
Where slabby or somewhat weathered, collecting is comparatively easy. 

(2) Eishmahdm. — Lat. 33" 52.y,long. 75" 21'. — In my previous paper 
(lac, cit, PI. 33), I have drawn a section of the Jiishmakam ridge from the 
locality of Ainu (Azini of map) which only differs in minor points from 
the above at Kotsu. In it also the fossiliferoiis layers are in the lower 
limestones — horizons (3) and (4) 5-9-08. 

(3) 1 mile N. E. of ytiuu { Azim of map) — Lat. 33° 52 J', long. 75® 
22)j'. — Beyond the Aijiii spur the Syringothyris limestone series can bo 
seen crossing above the village in well exposed beds. After a short 
interval where tliey are lost beneath old moraine and boulder banks iji the 
valley, tliey reappear as already stated at the above locality, whieb is 
exactly on the am of the word Eislimakam on the Atlas of India 
Sl»ect map. This is a long, pointed spur, tailing out west from a group 
of spurs descending from “ Peak No. 1/^ called Krapri^' locally. 

About 150 feet of the limestone as before described can be readily 
examined. It is sometimes rather jiinkish in colour. The U])per middle 
part and upper part are specially fossiliferous, yielding the horizons (2) 
14-0-09 and (1)14-6-09, respectively, and a still lower horizon (3) 14-0-09, 
(the Syringothyris layer). But the whole section is fossiliferon.s, full of 
brachiopods, but so compacted into the rock that they cannot lie extracted 
as a rule. 

From this place the series follows the north side of the stream which 
flows S. W. or W. S. W. from Krapri, (Peak No. 1) and it would appear 

P 
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that it eventually crosses the main ridge trending S. W. from that peak 
at a point a little north of a conspicuous gap, to reappear again in the 
next (Gugaldar) valley. 

Besides the limestone proper, there are some sandy limestones as at 
Ainu, and also some traps of the usual basic kind, the exact relations of 
which were not seen. There is also a pale rock (1) 14-6-09, much 
crushed at the edges, forming a narrow vertical dyke only a few feet wide, 
and cutting across the strike. 

(4) Ridge north of pans between Tangamarg and Paisan in Arpat 
Valley — Lat. 33® 46 J', long. 75® 22'. — This is the only locality where 
the series was found on the S. W. side of the Silurian anticline (for 
reasons as already explained). The exposure is probably duplicated by 
folding, but this is not certain. It is of considerable extent laterally, 
being traceable with breaks from the N. W. side of the gali (pass) over- 
looking the Lidar valley to near Paisan, a distance of over 4 miles. The 
dip of the series is reversed, which makes it apparently underlie the Muth 
quartzite at an angle of 00®, which latter occupies the ridge to the N. E. 
and has already been refeiTcd to as possessing a reversed dip at this 
place. At the same time it apparently overlies the Panjal traps or agglo- 
meratic slate which here come in contact with it. The general direction 
of outcrop of the series follows a bridle road joining Tangamarg and 
Brear. In its N. N, W# extension Its strike points directly to the Kotsu 
exposure. 

The complication of stream beds and irregular spurs from the ridge 
down to the Arpat valley render difficult the deciphering and mapping of 
the precise irregularities noted above on a small-scale maj). 

Three good sub-sections are however seen, one a short distance N. E. 
of the gali where the road crosses the main ridge with fossil horizons 
(2) and (1) 4-7-09, a second (possibly faulted) low down on the 
road just before it emerges into the Brear valley, and a third ] mile 
S. W. of Paisan with fossil horizon (1) 27-6-09. The last two are mani- 
festly one band. Whatever the detailed explanation of the somewhat 
disjointed appearance of these two or three outcrops (faulting or folding 
of some kind), each perfectly repeats in inverted order the same general 
features and regular sequence in itself and as regards the Muth quartzite 
and Panjal volcanics (see PL 30, fig. 1). The individual sections make 
this evident, and also make clear the general agreement of the petmlogi- 
cal facies of it with the Eislimakam ai|d other sections. 
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^ ^ river, the outcrop of the Syringothynslime- 

bed. .red.bP«l series di^tppeurs for good under ex- 

tensive alluvial deposits without any reappearance in the next mouctain 
spurs (so far as they have been examined — the N. W. faces of hese 
spurs are hopelessly forest and soil coveied), on the other hand above 
Gugaldar, and at the base of the Hairbal Pass the approximation of the 
band in its outcrop to that of the Piinjal traps can be seen to be a very 
gradual process, ending in the final extinction of it before arriving at the 
Margiin Pass. Both at Gngaldar and Hairlial the series is definitely, 
though not well, seen. Traces of fossils also were found without difli- 
cultv, hut the locality, lie, and partially obliterating presence of thic!k 
forest or covering moraine was adverse to spending time in collecting 
there, 

Iti spite of the frequently continuous nature, and clearly defined posi- 
tion, of the outcrops of this very character- 
***“"*' istic and mainly limestone series, and in 

spite of the numerous places where collecting was done, the fauna, as 
regards individual and distinctive species, remains very much wliere it 
was after my first season^s collecting at Eishmakim alone {loc, cil. pp. 
Sill, 2S3). All the localities have yielded much the same suite of fossils 
in the same grouping and relative abundance, whilst the negative evi- 
dence as to what the beds do not contain still stands as the. most import- 
ant criterion — apart from the field relations — for the conclusion that 
they constitute a single palieontological horizon quite different from 
cither the Penestella shales which come next above them or the Permo- 


Carboniferous at a much higher horizon. 

The two most characteristic species, namely, Syriugothi^ris ctispidata. 
Mart, and Chonetes (?) hardrensis var. Tibelcnsis, Salt, mixst still be 
relied on as the main connecting link, palyeontologically, between this 
horizon and tliat of the Spiti (Kanaur) section described by Hayden. 
Hence if the latter on other evidence the presence, along with 
Sgringothyris cmjpidatay of Phillipsia cf. Cliff or di, Woodw. and Helodm 
crenulatus, Newberry and Wortheii) must bo relegated to the Lower 
Carboniferous, (Hayden, Geol. of Spiti, Mem. G. S. of I., Vol. XXXVI, 
pt. 1, p. 39, 1904) so these Kashmir Syringothyris beds must also be 
relegated to the same stmtigraphical horizon. Other fossils collected by 
me, so far as determined, differ but little from those mentioned in my last 
report. ProductuH lineatus^ Waag. is very common ; P. cf. scabriculus, 

D 2 
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Mart., P. Cora and P. setni-reticulalus are fairly common, together 
with the genera Derhyia^ Atliyru and Rhynclionella, 

It is possible that a critical examination of this fauna may lead to 
more definite results. Meanwhile the positive separation of this series 
of limestones from the Permo-Carboniferous (Killing of Lydekker), as a 
unit of provisionally Lower Carboniferous ago may bo accepted as being 
in harmony with all the stratigrajdiical evidence now at our disposal. 


V.— Passage Beds. 

Although the liigher limits of the Syringothyrig limestone series is 
fairly well marked, there follow above it some considerable thicknesses of 
unfossiliferons rock before the first bed of tlie Ponestella series becomes 
signalised by organic remains. These intermediate rocks consist of 
quartzites, sandstones and shales over the Rhoi*t area where they can be 
seen. Petrologically they might be linked with the Penestolla series 
above ratlier than with the limestone series below, inasmuch as they 
resemble the former in all save the lack of fossils, a disability whicli may 
even only be local and disappear witli further search. 

For tlie present, however, they are placed separately as Passage 
beds," and they may be well seen 1^ miles N. N. E. of Eishmakam, 
where, on the spur from Liwapatur Station descending W. S. W. to the 
canal bungalow, they occu])y all the lower part as far as a line bearing 
S. E. by E. of Kollur. Above Ainu (Azim) N. E. up the valley opening 
between Liwapatur and Peak No. 1, the same may be seen up to 2 miles 
from Ainu, where FeueUeUa first begins. 


VL— Fenestella Series, ? Middle Carboniferous. 


Erroneously grouped with Lydek< 
ker’s Kuling. 


From Lydekker's map, descriptions and specimens, the exposures of 

these rocks in tho Lidar valley were 
certainly included by him with his Kuling. 
They were examined by me during my 
first season in Kashniir at one locality only, namely, the little reeky spur 
on the left bank of the Lidar, S. S. E. of Dowhat and about 3^ miles 
N. of Eishmakam. But even that brief glimpse of them, considered in 
coTipinction with the series below and above, shook my faith in the 
isoclinal theory of Lydekker, and showed their distinctness from any of 
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the ordinary Killing or Peruio-Carbonifoyous series of Vilu, Paiigain or 

Golabgarh. The great abundance of 
Abundaoce of Fenet^teUiB. and the very rare occuri^nce of 

(?) Protoretepora) without considering any other faunal elements, made 
me at once suspicious from a paleontological standpoint, whilst the solid 
appearance of normal seipienco in the series in its position between the 
Syringothyris limestone and the agglomeratic slate and Panjal volcanics 
easily fell in with the simple theory of their real intermediate stratigra- 
phical position, when once the Lower Carboniferous age of the Syringo- 
thyris limestone was accepted as probable. 

Since last year, however, these Fenestella beds have been systemati- 

, cally followed round from point to iK)int in 

True stratlgraphlcal posiiloR. : .. „ . ^ n 

ilieir grejitloop of outcrop across the Lidar 

valley and in their many distinct occurrences, always in this intermediate 
position j so that now, on the strength of their Held relations alone, it is 
impossible to regard them as anything but a sot of deposits of older age 
than the Panjal volcanics, and younger age than the Syringothyris 
limestone, whilst they are of course out of all direct relation with the 
Pfotorelcpom ampla zone or any otlier of the Permo-Carboniferous that 
appoai\in order only above that great thickness of Panjal volcanics. 

The localities collected from by Lydekkcr and described as norili 

^ . of Eisbmakam or as 8 miles from 

Distiflctaess of faunas. « , ,, „ „ n i • 

Pailgam down the valley, as well as Ins 

specimens themselves preserved in the Geological Survey type collection, 
make it fully certain now that we have arrived at last at one of the 
crucial points where I consider that Lydekker was misled. Returning for 
tlie moment to tlie palmontological argument, it needs but a glance at his 
specimens gathered from here and figured and named in D’enoris mono- 
graph on the Aiitliracolithic Fossils of Kasliniir [PaL Ind. Series XV, 
Vol. 1, pt. 2) to see their total distinctness from the other species also 
therein described from Khunmu, Bams, Proiigam or Pailgam, ^^6^, from 
localities now known to be entirely distinct as to horizon. All tliose 
characteristic forms such as llajahy Salt., Margimfera JUmalajj- 

eusisy Dien., Pmhdus AbicMy Waag., Spirifer famgevy Keys., 
Lyltonuy t^piriferina cf, Kenlmhenm^ Schiimard., Camarophoria Pur- 
(loniy Dav., etc., that appear with due precision at many or all the latter 
localities, are unknown at the localities marked nortli of Eishmakara 
whilst, on the other hand, the abundant occurrence of Fenestellay Spirifer 
Lydekkeriy Dien., & triangularisy Mart., Strophalosia and Producius cf 
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U7idatu8y P. scdbriculusy Mart., together with trIlohItcB {PliilUpsia) are 
peculiar to that locality and unknown from all the others. 

Probably one of the causes which I conclude led Lydekker astray 
was a certain similarity between the facies of the rock matrix in which 
the Fenestella occur and that of the Permo-Carboniferous of the Vihi, 
Failgam and Prongam deposits. But however close this resemblance 
(and it is not very close after all) it is not closer than that between 
the Upper Silurian, Permo-Carboniferous and Muschelkalk — as to the 
distinctness of whose horizons there can be no shadow of a doubt. Even 
more, however, was Lydekker misled perhaps by the seeming dissimilarity 
between these shaley bands and the hard solid quartzites with which they 
are intercalated. This difEerence in apparent metamorphism is no doubt 
here and there great, and might easily lead an observer to imagine it not 
unlikely that the shaley zones were infolded among the quartzites in the 
isoclinal way supposed by Lydekker; but examination of the intermediate 
layers between the two at very many places makes it clear that petrologi- 
cal passages occur, and that it is only when th| siliceous mateiial had 
become especially pure and unmixed with argillaceous material that a 
setting of the sandy matrix into a quartzite took place. In the local 
descriptions that follow, some examples of these passages will be given; 
whilst everywhere the interbedded character will be seen to be borne out 
by the continuity of outcrop right round and over the anticlinal, and 
the sequence preserved in the same way. 


Above all, nowhere throughout the area Is there any structural evi- 
dence of isoclines on their own individual 
No evidence of isocUnes. .. a • r i 1 1 i. 

merits. An isocline should preserve traces 

of its synclinal or anticlinal origin by being duplicated in the sequence 
of its beds from some central line or axis ; but nothing of the sort is 
seen, whilst, on the contrary, each layer of shales between quartzite 
masses shows a definite petrological change only in one direction coin- 
ciding with what must be presumed to be the normal succession of the 
deposit as laid down in ordinary sequence with the sandy material of the 
quartzites. 


In my previous paper I have already laid stress on the analogous 
sections in Spiti described by Hayden (Mem. G. S. of I., Vol. XXXVI, 
pt. 1, 1904) which very completely foreshadow the sequence of these 
Lidar valley sections as herein detailed ; whilst it is plain from the quotas 
tions I there gave from that author's memoir that he also (without 
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having seen the locality) was impressed with doubts as to Lydekker^s 
interpretation of that sequence being correct. 

It will be understood from the preceding that I have treated the 
matter of this normal sequence with some elaborateness, not because I 
think my mapping and stratigraphical zones are in any way so obstuiro 
as to require special pleading to support them, but simply because such 
circumstantial proofs are in courtesy due to my predecessor, who, from 
one cause or another, was led to a different conclusion. 

Accepting then the theory of normal sequence of these beds above 

the Syringothyris limestone series, we 
Fencstella series equivalent to ^ prepared to accept a correlation 

Po series of Spiti. them with the Po series of Hayden in 

Spiti as being In every way reasonable, both on lithological, stratigra- 
phical, and as we shall see later, on palaeontological grounds. Their 
position between the Syringotliyrls beds and the real Zewan or Permo- 
Carboniferous Is therefore in entire agreement with that of the Po series, 
which In Spiti underlies the Permian conglomerate, which is followed in 
turn by the calcareous 'sandstone of Hayden, and then by the Pro- 
ductus shales (the real equivalent of part of the Zewan stage in Kashmir). 

^ The Penestella series may generally be described as an enormous 

thickness (over 2,000 feet) of quartzites, in 
etrology. varying from a few feet to 100 feet> 

and with intervening layers of generally dark shales sometimes slightly 
calcareous. It is in the lower part that these shales become principally 
developed atid also fossiliferous, carrying their ricli bryozoon and 
brachiopod fauna ; whilst towards the middle of the series the shales 
become less conspicuous and, so far as found, witliout fossils. Not far 
from the uppermost limits of the series, however, where they apparently 
]>ass into the agglomeratic slate, there recurs another Fcnestel la-bearing 
horizon, which is separated flora, the lower productive shales by an in- 
terval of 800—1,000 feet of unproductive rock. Along with the shales, 
and frequently more in the upper layers, occur ferniginous sandy beds 
that sometimes pass by gradation Into the quartzites above. 

The area over which this series is exposed is much more restricted 

Distribution pioviously described 

formations, whilst it is generally coexten- 
sive with the overlying agglomerath? slate. Although the most charac- 
teristic sections are found on the banks of the Lidar river and at 
Lehindajjar, the series with fossils is also well marked in the valley head 
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between the S. W. spurs of Liwapatur Station and of Peak No. 1 
(Krapri), near Buru and at the head of the Kirvam Valley, whilst high 
above Gugaldar and the Syringothyris limestone, quartzites, but without 
tossilifcrous shales (as recognised), appear in diminished thickness under 
the now approaching base of the volcanic series. Nowhere else to the 
S. E. in the area have they been recognised, and they thus suffer, in 
common with the formations below them, the overlapping effei*.t of the 
Panjal traps, only they (as being higher beds) naturally disappear 
earlier. 

The marked horse-slioe loop made by the bending strike, as the out- 
crops of tlie series return upon themselves among the ridges N. W. of 
Lidar, expresses the same anticlinal with axis pitching N. W., as was 
remarked in all the lower formations described. A break in the arrange- 
ment is however noticed along the Lidar where the outcrops on the 
N. E. side of the anticlinal are interpreted as being thrown apart by a 
cross fault filong the valley at that point. 

The following selected sections may be described here : — 

(1) Lehindajjar valley and base of Bhugmore^ rasta. 

(2) Left bank of Lidar valley S. S. E. of Dowhat and Lur. 

{S) Head of Kirram valley. 

(4) N. N. W. of Buru, near Kotsu. 

(5) Valley N. E. of Ainu (Azim) between S. W. spurs of 

Liwapatur and Krapri. 

(1) Zehindajjar valley and Bhugniore rasta — Lat. 33'^ 55’, long, 
18'. — Lehiridajjar is a somcwliat scattered upland village lying about 
2 miles N. W, of and above Wallarhama, on the direct bridle road con- 
necting the Lidar valley witli the Traal valley by the pass known as 
the Bhugmore rasta. It also partly occupies the opening of a tributary 
valley of some size descending due south from the lofty peak, Churn 
(ll,8tS2 feet),^ The bed of the Lehiiidaj jar valley and portions of the 
connecting side valleys, lie flatly among the lower more shaloy members 
of the -Fenestella series, the latter by their disintegration producing a 
wide area of gently sloping culturable lields. Above these towards all 

poinfs of the compass, but especially to the N. and N. E. of the village 
* 

* In the edition of the Atlas sheet, with coiTections to 1901, on which tlio geology has 
boon roprosented (PI. 39) the word “ Biiugmorc has been deleted. Bhugmore rasta is 
the pass over the ridge N. W. of Lehindajjar. 

^ The height of this and other trigonometrically fixed points is a few feet less than 
thfi valucB given on the old atlas sheets. 
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rise somewhat picturesque hill-spurs and slopes separated by water- 
courses, which, as they gradually emerge from their overburden of 
alluvium and gravels, yield some of the best sections in the Fenestel la 
series. On the way iij) the valley from north of Wallailiama to the foot 
of the pass, these spurs, by the alternation of quartzite and shale, show 
very prominently the bending round of the strike from W. N. W. — 
E. S. E, to W. — E. and finally to W. S. W. — E. N. E. with correspond- 
ing dips to N. N. E., N., and N. N. W. of LO^. 

The table that follows and the section (PI. 31, fig. 1) show the smaller 
divisions or stages of tlie series, the table being in descending order 
Agglomeratic slate (above). 

8. Uppermost Fenestclla shales, containing also a branching 
hryozoon. Thickness small but unknown. 

7. Quartzites and slates. No fossils. 500 — 000 feet thick. 

0. Black, sandy shales with very few Fenedellce. 100 feet thick. 

5. Quartzite. GO feet thick. 

(Passage l)eds). 

1. Shaley sandstones, daj*k grey and mottled greenish grey and 
black below. Traces of fossils. 200 feet thick. 

(Pn.ssag(3 beds.) 

3, Dark shales full of FoueHtellcCj corals, brachiopods and lamclli- 
branchs. — ((lamp horizon). 150 feet thick. 

2. Quartzite. 00—100 feet thick. 

1. Sandy shales or slialey sandstones, full of fossils as above. 
Many (L'cdiiiuk^ Bed). 500 feet thick, 

(base not seen). 

The shales and sandy sliales of beds Nos. 1, 3, I, 0 and 8 — wlilcli 
somofj'mes might also be called imperfect slates — are pciietTat(?d by a 
rude cleavage. They frequently also contain pyrites pseudomorphs, 
even among the fossils. The internal evidence of tlic section just given, 
with its varied poti’ological sequence, obviously does much to dispose 
of the isoclinal iheory ; and even more so does the solid deeper structure 
of spur and ravine as laid bare by denudation. What with tin; latter 
and the deep cross-cut through the scries made by the gorge from Churn 
we can follow the beds to the dip for many thousands of feet without 
any sign of wavering — any ajqiearance of recurrent, reflexed folds 
which are necessary on Lydekkor^s theory. If, liowever, we were to 
assume that the reflexetl isoclinal folds demanded Ijy that theory might 
be of so great amplitude and so closely packed that oven in this greatly 



228 


RiBCofds of the Geological Sun^ey of India. [Vol. XL. 

sculptured areii they could appear as parallel beds, this would only make 
more impossible the bending round of the strike in loop fashion, a 
phenoraenon which neverilieless is known actually to take place. 

Of the fossiliferoiis more shaley layers in the Lehindajjar section 

just given, Bed No. 1, the lowermost and 
*^*”***‘ more sandy division of the shales contain- 

ing horizons (3) and (3) 24-5-09, is best exposed at Lehindajjar itself 
on both sides of the gorge descending from Churu Station. The fossils 
which are ferruginous casts embrace : FeMestella sp., corals, Spirifer 
cf. graniiicostata^ McCoy, 8. Lgdekkeriy Dien., Productus (?) ucahri^- 
culuSy Mart., P. semirctietdatmy a few more indeterminate brachiopods 
and Modiola, Bed No. 3 (camp horizon), (2) 23-5-09, occum higher 
up the valley at a point half-way between Lehindajjar and the foot of 
the Bhugmore rasta. It and the quaitzitcs below are well exposed in 
the little ravine to the east of the bridle-road. A good collection, 
but poor i?i variety, was made here, embracing Fenestelln sp. in 
predominating quantity and rather well preserved, a few corals, Spirifer 
cf. grandicostatay McCoy, Modiola and Pecten. In bed No. 4, (1) 
26-5-09, which follows directly above No. 3, was found Productus cf . 
Hcahriculm, Mart- The rest of the shaley horizons above No. 4 
yielded only a few Fcnmtella and some ill-preserved and much crushed 
brachiopods, together with a branching bryozoon in bed No. 8. The latter 
(the uppermost Pencstclla bed,) (3) 27-5-09, was found in silu on the 
Bhugmore rasta, and identified by fragments high up in the Churu 
ravine. 

(2) Left hank of Lidar valley S. S. E. of Dowliat and Lur — Lat. 
33° . 55', long. 75° 21'. — The section here, which has its centre at the 
little cliff descending to the bridle road near the bridge and which was 
described in my previous paper, is almost equally convincing in its 
regular sequence through much the same sot of beds, but the outcrop of 
the lower shales and sandy shales is partially obscured by a tangle 
of scrub jungle (see PI. 31, fig. 2). The latter also appear much thicken 
t.^., continue further south than I had noticed when I wrote that pai)er* 
The full section by stages is as follows : — 

Agglomeratic slate (above). 

C. Uppermost Fenestella shales with branching bryozoon, 
(1) 1-6*09. Small thickness. At a point about 2 miles 
S. W. of Bhatkot. 
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5, Quartzites and shales. Large but uncertain thickness : the 
section could not be measured owing to recession of hill- 
spurs from the river-bed. 

4. Ferruginous sandstone^ (2) 13-9-08, (last yearns number) (see 
section, PI. 31, fig. 2). Twenty feet thick. Probably the 
equivalent of the top of camp horizon in the Lehindajjar 
section. This and the remaining numbered stages are all in 
continuous cliff section. 

3. Great thickness of black Fenestella sliales occasionally cal- 
careous, sandy shales, witli occasional more sandy beds and 
a little quartzite, and containing horizons (3) 13-9-08, (5) 
13-9-08, (4) 13-9-08, (1) 6-9-08 (last year\s numbers) and 
(1) 6 -6-09, as shown in the section pi. 31, tig. 2. Thickness 
over 1,000 feet, Pi*obable equivalent in part of Lehindajjar 
bed. 

2. Trap (intrusive). 

1. Quartzite and more Fenestella shales for an uncertain thick- 
ness until the passage beds (p. 222) arc entered on the hill- 
spur above the canal bungalow at a point S. E. by E. of 
^ Kollur. 

Of tlie a])ovo section it is practically certain that beds 3 and 1 re- 
present those referred to by Lydekker as being north of Eishmakam and 
‘‘ 8 miles from Pailgam down the valley and from which his collection 
described by Diener was derived, A collection also made by F. Noetling 
in 1 902 from 2 miles north of Eishmakam would seem to have been 
derived chielly from these horizons. The specimens, registered Nos. 
K. 6. 514 -586, remain unnamed and uudescribed in the geological 
survey collection. 

FenesLelUe and a few examples of (?) Protorctepora occur abundantly 
throughout the more shaley layers. In the lowest horizon collected 
from, (1) 6-6-09, there are also a coral, one small fragment of a 
trilobite, Productm cf. umiatitSy Def ranee; P- ^f* ^cahrimlus^ Mart.; 
Spirifer grandico^^tataj McCoy ; Spiri/er I/gdckkeri, Dien.; Skgnchonella 
and other fragments. 

An almost identical fauna appears in (1) 6-9-08, (last year's number) 
found in large loose blocks, by the river side near the Fakir's hut, and 
which may have been derived from near the same bed* During my 
previous visit I accorded it a position too close to (4) 13-0-08 and assumed 
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it,, probably erroneously, to be approximately in situ. The rock is 
calcareous in parts. 

The horizon ('t) l:3-9-0S (last j'ear^s number) is prominent as appear- 
ing in cliff section actually at the Fakir’s hut and cave overlooking the 
road. A large number of Phillipsia fragments characterise this bed, 
together with Modiola and most of the sjiecies in fragmentary state as 
given above. From the prominent aspect of the bed, the contained 
fauna, and tlic nature of the rock matrix, this was clearly one of the main 
sources of the specimens gathered by Lydekker. It is calcareous in 
X)atches. 

Horizon (2) 13-9-08 (last year’s number) which is more sandy tlian 
any of the others, presents the forms Ihelama (large species) Sjnrifer 
cf. iriangnlariSy Mart., a few other undetermined species of Spirifer^ 
Produchis scmivciiailatus^ Mart., P. scabriculuSy Mart., a large Camara^ 
jdioria and Pumelria cf . veray Hall. 

The continuous cliff section by the bank of the rivet* ends with this 
bed, as shown in the iigured section (PI. 31, fig. 2). Stages 5 and 6 of 
the table given at p. 22S are only seen in discontinuous expoLSures in the 
side-streams and side-spurs as they recede from the main river bank 
beyond the bridge. The map is too vague in topogra])hical details to 
further define tliesc outcrops, Imt the overlying agglorneratic slate sets 
in some little distance before the important side-stream opposite Lur is 
reached. 

From the above sketch of the fauna as provisionally determined by 
me, we may now rest certain that these beds as a whole are the ojies 
collected from by Lydckk(*r 8 miles from Pailgam down the valley and 
described by DIener {Pal. hul. Series XV, Vol. I, pt. 2.). Their agree- 
ment also petrological ly, and as to their ])rcvailing fossils (the great 
abundance of Fenedellay Productus uadalus ajid jP, scabricnlus)y with 
the Vo scries of Kanaur, Spiti, described by Hayden (Mem. G. S. of I., 
Vol. XXXVI, pt. I, })p, 49-50) seems also to be beyond dispute, 
especially since they appear in exactly similar sequence as r(?gards the 
formations belov/ and above, only excepting the trap beds of the volcanic 
series which seem to be absent in Spiti, at least as regards sub-acirial flows. 
Much of the grits along with the Permian conglomerate of Hayden, 
which are described as lying above the Fenestclla series, must, undoubt- 
edly, correspond to my ngglomcratie slate. The description of the 
former as being composed of angular and rounded fragments of shale 
and limestone embedded in a coarse slaty matrix {loc. cit. p. 51) 
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agrees perfectly with much of what I have classified together under the 
comprehensive title of agglomeratic slate, 

It only remains to point out that Ilayden^s correLition of his Po 
scries with the Zewari beds of Kashmir must now, in the light of my 
later work, be understood to be only a correlation with the Penestella 
beds of the Lidar valley, which, having been wrongly grouped by 
Lydekker with those Ze wan beds, came to have their fauna described 
by Diener along with the fauna of the latter. 

A structural feature of some interest in connection witli tlie sections 

just described is tlie cross-fault down the 
Fault in Lidar valley. JjiJar valley. If the strike of the Fencs- 

tella shales S. E. of Dowhat whudi is N. W. by W. with a dip to N. E. 
by N, of 30*^, is considered, it will be seen that the outcrop of the same, 
if uninterrupted, should cross the valley and reap])ear on tlie other side 
between Kollur and Dowhat ; whereas such is not the case, and all that 
stretch of country is oc^Mipied by the agglomoratic slate. To explain 
this hiatus a fault is assumed along tlie bod of the river at this place, 
'fliis fault, however, would appear to have died out higher up the valley 
where the Panjal traps make their appearance in tlie section, inasmuch 
as the outcrops of the latter meet at the river, having suffierod no dis- 
plaecineht at all. 

(3) Valley/ N, Fj. of Ainu {Acinij.-^Awny from the actual bed 
of the Lidar river to the S. E. the Pcnestella series can be followed 
across the spur which descends W. S. W. from Liwapatur Station to the 
canal bungalow (1.^ miles N. N. E.- of Eishmakiim), and from there 
across the intervening spurs to the valley N. E. of Ainu. Here at 2 
miles N. E. of that place the series extends for some considerable 
distance up thej valley. There arc no good continuous sections, but 
enough is seen to completely identify them (sec camera sketch 
PI. 33.) 

The high spurs between here and the (TUgaldar valley wore not 
actually crossed by me, and as already mentioned the section high 
above Gugaldar is much covered, and only the (piartzites of the series 
were exposed in their much thinner outcroj) here. It is practically 
certain, however, that all tho.s 0 spurs would yield abundant traces of 
typical fossils if sections free of soil, forest, moraine or talus could be 
found. 

(t) Head of Kirram Valley — Lat. 33° 51', long. 75° J 5'. — From 
Lehindajjar and the east slopes of the Bhugmore rasta the boundary 
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between the Fenestella series and the agglomeratic slates, though not 
followed for the next mile or so, has been limited within very narrow 
confines by work on both sides of the main ridge. Beyond that it is 
again found fairly sharply defined at the head of the Kirram valley at 
a point 3 miles N. N. E. of Kirram, where the series is characteristic 
cally developed with plenty of fossils, (1) 8-8-09, though there 
is no good section. With a steep S. W. dip, and strike N. W. — 
S. E., the same continue and were next found by me near Burn in the 
valley of the Lidar agsiin. 

(6) Burn — Lat. 33° 61', long. 75® 18'. — Here at Burn it will be 
perceived that wo have arrived at the S. W. side of the grand anticlinal, 
and the identification of representatives of the Feiiestella series at this 
point was not a difficult task when once their position was })resumed 
from, and limited by, the Syringothyris limestone of Kotsu and the 
agglomeratic slate above. There are some hundreds of feet of the shale 
probably not all fossil! ferous, good fossils being found in a bed 50 feet 
thick at a point at the foot of the hills duo E. by N. of Shari bal station 
and N. W. by N. of Burn village, (1) 13-5-09. They continue 
up the slope and are found also on the ridge of the near spui*. 
They dip 60° S. W., and pass beneath and possibly up into the agglo- 
meratic slate. 

PANJAL VOLCANIC FLOWS AND AGGLOMERATIC SLATE. 

This great series of rocks which I have used as a convenient dividing 
series between divisions A and B of the fossiliferous formations, is 
characterised by very definite basic lavas in its upper part, and by what 
I have called agglomeratic slate in its lower part. The two constitute 
Lydekker^s Panjal trap and Panjal conglomerate, respectively, and are 
frequently found together over large parts of Kashmir, being well 
developed in the Pir Panjal, or Panjal range, from which the series 
takes its name. 

Whilst the upper traps are eminently characteristic volcanic flows, 
^ , the lower agglomeratic slate presents some 

g of the axslomeratic slate, That it is a clastic rock of 

some kind seems to admit of no doubt. Much of it from its dark grey 
colour and the nature of its matrix might be described as a fine grit or 
greywacke, composed chiefly of angular gmins of quartz set in a still 
finer vague matrix which was probably once of the nature of clay, rock 
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flour or ash^ or it may partly bo cataclastic mylouite. But dotted about 
at random through this matrix occur larger fragments^ sometimes 
rounded, but more generally sharply angular ( like the smaller grains of 
quartz) and composed of quartz, felspar, slate and quartz-porphyry, 
with occasional quartzite, pegmatite and even tourmaline-granite frag- 
ments. These range in size from bits as large as a pea to others the size 
of the fist. When they become very large the rock becomes generally 
much more quartzose and the larger pieces are then more rounded. The 
finer-grained rock is the predominant rock and is easily recognised 
wherever occurring by the angular fragments or by the cavities whence 
Such fragments have been weathered out on exposed surfaces. It is 
generally imperfectly cleaved, in common with all the fine-grained rocks 
of this region. 

But having acquiesced in its clastic origin, it is not so easy to define 
the exact nature of the agency by which it was accumulated. It is 
certainly not a simple stratified deposit laid down under the action of 
water. Although the sharply angular nature of the smaller quartz 
grains forming the matrix might not have been altogether adverse to 
this conclusion, the angular state of the larger fragments demands some 
other explanation. There seem to be two main natural agents by which 
such a wide-spread and uniform deposit might have been accumulated, 
namely, (1) explosive volcanic action, and {Z) frost with ice transport. 

If we accept the former as being congruent with the lavas which 
followed, we have to admit the entire absence of glassy or pumiceous 
material in the rock matrix as now seen, althougli subsecpiont devitrifica- 
tion or silicification with crushing and development of mylouite, sericite, 
calcite and other secondary minerals might account for the condition of 
the rock as we now see it. 


On the other hand, if we accept the alternative explanation for the 
origin of such a rock which in many res- 
088 e c rage. pects resembles the Blaini conglomerate 
(the glacial origin of which seems now beyond dispute — see Rec. Geol. 
Surv. of India, Vol. XXXVII, pt. 1 ), we mast nevertheless admit that 
no striated, grooved or facetted boulders have so far been found in it. 
In this connection it is of interest to note that the first fossiliferous 


horizon found above the agglomcratic slate and undoubted volcanic traps, 
namely, the Gangamopteris and Psvgmophyllum bearing beds of the 
Golabgarh pass (Rec. Geol. Surv. of India, Vol. XXXVII, pt. 4, p. 293) 
^re very probably of Talchir age or at least of Lower Gojjdwana age, an4 
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that therefore the agglomcratic slate might after all synchronise fairly 
well with the wide-spreacl glacial boulder deposits of that age in South 
India, the Salt Range, and other austral regions. 

Although unable to discuss the subject here (I shall hope to do so 
in another paper) I incline to the explosive volcanic theory, and so 
include the agglomeratic slate a.s the lower member of the volcanic series. 
That is to say I regard it as an accumulation of clastic and sedimentary 
material formed round ruptured jx)rtions of the earth^s crust which 
eventually became foci for the extrusion of basic lava flows. At the same 
time the alternative hypothesis should not be lost sight of, nor the 
possibility tliat the formation was a joint product of both sets of activi- 
ties combined with ordinary sub-aerial sedimentation. 

One factor in the (piestion which should not be overlooked is that the 

agglomeratic slate, even in its finest- 
No fossils. *1 • i • 1 . 

grained varieties, contains no organic 

remains throughout the whole thickness of the formation. Although it 
is probable tliat the Fenostella shales in their uppermost layers pass up 
into tho agglomeratic slate without any break in the continuity of 
deposition, every trace of fossils ends when the material begins to be 
agglomeratic. Unfortunately, however, the absence of organisms might 
be understood under either supposition as to the mode of formation 
of the rock, so that we are left as before very much in the dark on this 
point. Only one conclusion seems to emerge as satisfactorily demon- 
strated, namely, that the rock is no ordinary slate or grey wacko deposited 
under normal marine conditions such as obtained when the Silurian or 
Fenestella shales were laid down. 

As shown by the map, the agglomeratic slate iiiterbanded with a few 

Distribution quartzites occupies what is generally a wide 

outcrop of horse-shoe shape following round 
the outer margin of tlio Fencstella shales and dipping with them at 
about 40° on the N. E. side of the anticlinal and at about 60° on the 
S. W. side. The limit of the outcrop at the N. E. extremity of the 
horse-shoe as far as can be ascertained is coincident with the limit of 
the FenestelLa shales, but on the S. W. side the outcrop, with much 
diminished thickness, continues almost as far as tho trap itself. The 
agglomeratic slate is everywhere of a very crumbling nature and rapidly 
disintegrates under weathering and is slightly calcareous in places. It 
is unnecessary to describe any special sections in this rock series. At 
Buru in the southern part of the Lidar valley ; and again further north 


Distribution. 
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between Kolliir and Virsiren, as well as further west on the east slopes 
of the Traal valley and the ridges and slopes about Churu Station, 
enormous thicknesses are laid bare, dipping steeply towards regulaily 
varying points of the compass under the Panjal traps as the strike 
changes in conformity with that of the succeeding beds both below and 
above. 

After what has already been said regarding the underlying Fenes- 
tella shales, the Syringothyris limestone, Muth quartzite and Upper 
Silurian slates, it is enough merely to remark in passing that this 
formation is entirely unrelated to the much older Silurian and (?) Cam- 
brian greywackesin the Harpatnar, Aiqiat, Naubug and Maru Wardwan 
valleys. 

The question as to whether one would be justified in similarly 
separating all the occurrences of Panjal conglomerate mentioned by 
Lydekker in his memoir from the presumably much older slate series 
bearing the same name is not of course easy to decide. Prom my own 
knowledge I can only be certain of one other area, namely, that of the 
PIr Panjal range in the neighbourhood of the (jolabgarh pass. There, 
although I did not detect any fossiliferons rocks coming below the 
anticline of agglomeratic slate, I found the latter at every point under- 
lying volcanic traps which in turn underlie Lower Gondwanas, followed 
by the Zewan or Permo-Carboniferous. 

With regard to the traps themselves, only a brief reference here will 

be attempted. They are distinctly bedded 
and very massive (see PI. 28 showing the 
crags above Gugaldar). Amygdaloidal and compact bands are both 
very common. Many s{>ecimens of these rocks were submitted by Mr. 
liydekker to Gener«al McMahon, whose descriptions are quoted by that 
author (Mem. XXII, p. 218, ct seq,). My own collection and rock 
slides corroborate their identification of them as genuine old basic lava 
flows. Tlioir greatest thickness like that of the agglomeratic slate must 
amount to many thousands of feet. None are porphyritic, all the speci- 
mens that I have collected being altered microcrystallino aggregates of 
basic felspars and finely granular augite with iron ores, and here and 
there traces of glassy bjise. No olivine is present. 

The outcrops extend with or . without the agglomeratic slate, as 
Overlap already stated, far to the S. E. of the imme- 

diately underlying Fenest<dla and Syringo- 
thprris beds so that there is successive overlap or unconformity between 


Panjal volcanic flows. 
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them and those undtjrlying formations, until in the Naubug valley arid 
on tho Margfin pass tiioy repose directly on the Muth quartzite with 
only a thin conglomerate between. In all these places, as also in the 
Golahgarh pass, they ])inld fine walls and precipices of rock and fill the 
ravines at their f(?ct with oriorraous blocks and boulders detached from 
them. The map and sections will farther illustrate the general exten- 
sion of these beds both S. E. of the Lidar valley and also N. W. to join 
up with the Wastarwan andZcbnnwan masses. Although unconformity 
or overlap is iiidicalcd above all the lower fenmations, their present general 
lie with steep dips of from 10° to 30° on the N. E. side of the anti- 
cline is generally conform able with that of the subjacent groups, at least 
there is no marked discordance between them. The same is true in 
their stcej)or lie on the S. W. side of the anticline and their vertical 
or even inverted position n(\ar Naubug and I’aisan (see general sec- 
tions across the anticline.) 

In addition to the bedded traj>s, other parts of the area, as for in- 
stance the Lidar valley near Kollar, show dykes of what most likely was 
the same magma., cutting through tho agglomeratic slate on one side 
of the valley and through tho Penofitclla shales on tho other. Similar 
dykes or lacciolitic masses are found bt^lwoon Maudra and Batton in tlie 
Trafil valley. Of these undoubtedly igiuHnis lavas and dykes as w(dl as 
of the underlying agglomeratic slate 1 hope to give a description in a 
separate paper. 


DIVISION B--ABOVE THE VOLCANIC SERIES. 

Vll.—Gangamopteris Beds (Lower Gondwanas), 


In my previo\is paper on Kashmir I have described the occurrence 
Oolabgarh Pass. series of siliceous and carbona- 

ceous shales and of hard grey sandstones 
and carbonaceous shales, the latter containing characteristic Lower 
Gondwana plants, as lying directly above tho volcanic traps in the 
Golahgarh pass. In the area treated of in this paper these beds are 
reduced to the very tliin layer of Gangainopteris-bearing sliales of tlie 
llisin sjmr and neighbuujliood whicli have already been fully described 
by previous observers (for references sec my previous paper). 

Ihe only fresh locality within this area brought to light during last 
Near Pansapura. season^s exi)lorations is the extremities of 

two spurs, 3 miles E. by S. of Pansapura 
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(lat. 33° 51', long. 75° 11') at the S. S. W- foot of the Kamlawan mass 
of trap rocks (5,601 feet) , which mass is the counterpart of the Wastarwan 
mass on the opposite side of the opening of the Tra-al valiev. Here, 
altboiigli only a doubtful Gangamopteris was found, there is a tliiekncss 
of 200— i300 feot of carbonaceous and siliceous shales and a few limestones, 
coming directly aliove the massive trap, and which there is a strong 
probability are the equivalents of tlie Gangamopteris beds of Risiii spur. 
The shales weather white, just as at Ilisin and Zewan. They are 
frequently silicified, as also are some of the limestone beds. Specimen 
(1) 0-8-09 is a sample of these shales with plant impressions and 
Gangamopteris. 

The sequence in these spurs differs from that of all the others in the 
neighbouring areas by the ]daut-bearing shales being overlaid by 
more trap and fine ash, 200 — tOO feet thick, and which ajipear to take the 
place of the lower part of the Zewan beds inasmuch as they in turn are 
followed by a massive grey bryozoon limestone with Camarophoria. 
As the section is then obscured by alluvium and surface accumulations it 
is impossible to be certain on this point. 


VIII. -Zewan or PermoXarboniferous. 


With reference to the succeeding Zewan or Permo-Carboniferous 

Some new locllties and zonas. unnecessary in this note to do 

more than draw attention to one or two new 
localities whence characteristic fossils have been obtained, and to add a 
few particulars to one or two of tlu) sections in tlie Vihi area described 
in my last paper, wliich otherwise fully illustrates the sequence of these 
strata. 

It will he seen that the new, more comprehensive, )niip with this 
paper continues tlie outcrop of tlie Mandakjial horizons beyond that 
village in an E. and N. N. E. direction across the Patarkul R. via 
Pastannali (Pastooni of tlie Atlas sheet), Lam and Narast/m. These 
localities all lie along the line of outcrop as correctly marked by Lydek- 
kor on his original map. 

I will first of all refer to tlie ^ild localities of the Guryul Ravine and 
Mandakpal, where one or two new horizons must be inserted and a 
slight modification of my last yearns section is reipiired. 

(1) Gnrynl Ravine . — If tlie reader will refer to plates 29 and 30 of 
my last paper (Rec. Geol. Suit, of India, pt. 4, 1909) he will find a set 
of dark, sandy, micaceous shales indicated on the spur above the Chenar 
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trees at the entrance to the gorge. These follow above the Protoretepora 
ampla horizon, and in 1908 yielded no definite fossils for the first 400 feet 
above that bed. Last year (1909) t was fortunate enough to find a new 
horizon at a point about 100 feet above the Protoretepora bed. It is 
calcareous and lenticular, about 1 foot thick, occurring among the sandy 
shales on the arete exactly on a level with the summit of the Chenar trees, 

(1) 10-10-09. It contains well-preserved specimens of Producius semi^ 
reliculatus, Mart., and P. cf. Gangeticus, Dien., in large numbers. 
Another smaller bed 50 feet above this, (2) 10-10-09, contains 

(2) MandakpaL — If the reader will also refer to plate 32 of my 
previous paper (upper figure) ho will find three points of outcrop marked 

(2) 14-8-08, which (p. 311 of that paper) wore rather doubtfully referred 
to one continuous horizon. The same bed also seemed doubtfully dupli- 
cated in the section 2 miles north of Barus (p. 315) . I have now ascertained 
that in the former section there are really two separate horizons embraced 
under the number (2) 14-8-08. The lower of these is the one marked 
as best fossil locality, whilst the others at the two points marked 
with the same number are really somewhat liigher in the scale and are 
characterised by containing Spirifer Rajah, Salt, in predominance, 
almost to the exclusion of everything else. The matter was definitely 
settled by my finding the latter in situ directly on the slope above the 

best fossil locality and by my tracing the best fossil locality 
exposure almost continuously along tlie slope to the distant ridge slope 
shown in plate 32, wliere it should be inserted as cutting the spur 
between the points there marked (2) 14-8-08 and (1) (2) lC-8-08^ 
respectively. The u])per bed 1 have now indicated by the number (1 ) 
2-10-09, and it may be easily distinguished from (2) 14-8-OS by tlie fact 
that it contains i\o Marginifera Ilimalagensis and no Productus Cora, 

Two other less imj)ortant horizons were found above and below (1) 
2-10-09 respectively, so that the se(|ucnce of horizons in the Permo- 
Ciirboniferous of IMandakpal now becomes as follows in descending order 
as far as the Protoretepora ampla limestone : — 

(0) 2-10-09, containing corals and Chonctes m matted groups. 

(Ten feet of unproductive sandy shales.) 

(1) 2-10-09 [previously included with ^2) 14-8-08] containing Spirifer 

Rajah in predominance, a somewhat broader form perhaps 
than in (2) 14-8-08. Other sjjecies found wei*e Spirifer 
fasciger, Keys., Chonetes, and a Productus of the fimhriati 
group. 
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(Ten feet of unproductive shales.) 

(2) 2-10-09, containing -4^ /iym, corals and Pro(luciusoii\iofimhriali 

group. 

(Fifty feet of unproductive sandy shales.) 

(2) 14-8-08, (equivalent of best fossil locality of plate 32), contain- 
ing in the up])erinost hard dark limestone Spirifer Itajali, 
Marginifora Ilimalagcnsis and Froductus Cora in large 
numbers with rarer JHeliwna LaTonchriy Athgrisy Camaro-^ 
phoria cf. Pnrdoniy Sjnri/er Niiiensis, Dien. S. sp., 
Spiriferina Keniuckensisy Shuniard., Produetus Abichi or 
(jangeticusy Dien., corals {AmpUxns .^) and Aviculopecten, 

In the lowermost layer of shales below the limestone there are chiefly 
Marginiferay Spirifer Rajah (a small vajiety), corals, Lyttonia and Avi^ 
cnlopecten. 

(Eighty feet of unproductiv e shales.) 

(1) (2) 10-8-08 and Protoretepora ampla horizon. 

I collected very largely from horizon (2) 1 4-S-OS, and my specimens 
now number some hundred.^ of each of the three cliief forms, some of 
which are very well i^reserved, and include many specimens of Spirifer 
Rajah^ comidote with both valves; whilst all the other species are well 
represented by many examples. This bed at Mandakpal, indee^d, may be 
regarded as one of the richest and best preserved of any of the life zones 
in this part of Kashmir. The genus Camarophoria is represented by a 
form intermediate in size between Pnrdoniy Dav. and giganteay Dien.; 
some other forms of Gnmarophoria in this bed, however, differ very widely 
from these two typical shapes and will i)robably con.stituto iiCAV siXJcies. 

I was also able to add coiieiderably to my collection from horizon 
(1) 16-8-08 of last year. 

(3) Pastannah [Pastuni of Atlas Sheet — hit. 34° O', long. 
75° 8'). To reach this locality from Mandakpal one must cross over 
the pass to the east whicli caules the bridle-road connecting Mandakpal 
with the PatarkuP and Traal valleys. Tlic village lies on alluvium and 
talus fans, which descend from the neighbourhood of the pass to join 
the river gravels in the Patarknl valley. Away to tli(3 south-west the 
massive beds of the Wastar\vaii Panjal traps can be seen descending in 
great sheets with dip slopes to the north at fairly steep angles. But 
attached to the upper beds of these and near the base of the slopes there 
are secondary little spurs given ofl^ introducing Permo-CarboniferouB 

^ Written Patark” on the new atlas slieftts. 
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rooks and (as we shall see later) Trias. Owing to the thick forest 
covering these slopes there are no good sections. To the S, W. of 
the village, however, and 209 feet above it the upper Spiri/er lia^ali bed 
(1) 11.9 •09, was found with Rroductm (?f. yangelicuSy Dien. etc., among 
sandy shales of the usual kind. Below it there were 50 — 100 feet of 
more sandy shales and then grey limestone with no fossils for 100 feet. 
The section is then interrupted by a stream-bed, behind which come the 
first sheets of the Panjal traps. At this locality, therefore, it will be seen, 
there arc no traces of the Protorotepora limestone. In the other direction 
above tlie Spirifer Rajah zone tlie series continues in the ordinary way 
for some distance, and then be‘(u>m(‘s giadually more ealearcoiis as we 
approach tlie Lower Trias (see p. 21*2). 

(4) 2', long. 75^ 10^, and Naraddn-\xii, 4^ 

long. 75® 10'. — Proin Pastannah to near Lam surface deposits cover the 
junction of the trap with the B division of the fossil! ferous series. At 
Lam itself, also, the Permo-CArbonif crons rocks are not seen on acimunt 
of a side stream desi!ending directly along the line of outcrop of these 
beds. At Narastan, however, in the next little side valley to the north 
there are a few traces of dark micaceous sandy shales, about 150 feet 
thick, (1) 28-S-l)9, from which Prodmlm ^emireticnlatus and a 
few other brachiopods were <)btjiined. Here, however, as at Lam the 
actual junction of the overlying beds with the Panjal traps could not be 
detected on account of the side ravines and forest. The evidence, so far 
as it goes, points to the Pcrnio-Carboniferons being represented here ; 
but the failure to iind the characteristic Protoretepora ampla /.one either 
here or at Pasiannah makes me siis|)ect that there may be a dying out 
of this formation in this direction. Still further to the east in the isolated 
outcrops of Permo-Carboniferous and Trias at Pailgam, as was noticed 
during my first season in Kashmir, the Permo-Carboniferous formation 
was very imperfectly developed. 

The strike at Lam and Narastan varies from N. N. E.— S. S. W. to 
N.— S. with steep dips to W. N. W. and W. respectively. 


IX.— Trias. 


The preceding year, 1908, it will be remembered that a Meehoceras 

horizon of the Lower Trias was discovered 
by me in the sections E. of the Guryul 
ravine near Khunmu in the Vihi district, together with a probable 


New fossil horizons. 
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representative of the Muschelkalk above it. I was partieularly fortunate 
again last year, 1 909, in my examination of the Trias formation along the 
newly explored line of outcrop between Mandakpal and Narastan, and in 
my re-examination of the Khrew and Khunmu areas visited the season 
before. The neighbourhood of Pastannah was especially prolific in good 
sections with abundant horizons of cluiractorlstic cephalopods, many of 
which are well preserv^nl. They include an OpIticeniH hoiizon in the 
Lower Trias and a very full secpiencc in the Upper Muschelkalk compar- 
able to many of tlie Central Himalayan sections in Garhwal and Kumaun. 
What are presumed to be representatives of the Upper Trias have, however, 
so far yielded no cei^halopod fauna, though there are many bracliiopods 
and lairneUilmiiKdis. The Otoceras horizon at the bas(? of the Lower 
Trias is also still wanting in this area. 

The following statement in tahular form gives a summary of the 
Trias horizons so far detected in this part of Kashmir : 


UrPKU TIUAS. 
(Many thousands 
fecc thick) . 


MuSCllELKAI.K. 
(About 900 feet). 


r Unfossiliferous massive? limestones, 
of ] Sjnrifiriiia and S. Jlaaori zones. 

(^Laniellibranch beds. 

/ Pl je/iitea horizon : sandy shales with calca- 
reous layers. 


Qeratiles beds : Do. 

RhyucJioaeUa iri- 

nodosi beds : Do. 

Gy m u it and 
Cera li Lea beds : Do. 

Lower nodular limestone and sliales. 
Interbedded thin limestones, shales and sa?uly 
limestones. 


Lowwif. TUIA.S. 
(Over J^OO feet). 


( Hunffarites slialos (position uncertain). 
■3 Meekoceras limestonf?s and shales. 
Ophiccra^ limestones. 


(a) Lower Trias. 

1. Pusiauvah {Pastuui of All a>t sheets : lat. 33 ""y 53 J', long. 75'' <S').— 
Whilst working? out. the excellent sections in tlie Muschelkalk at this 
]»lace, 1 was unduly detained by a siwll of rainy W(;athcr, and my atten- 
tion was then drawn to numerous blocks of clear, dark, blue-grey lime- 
etono among the gravel and detritus fans near the village, and whicii 
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were seen to contain a very well preserved OpJiicerm fauna. It was 
some time before I wai- able to track these to their home in situ^ where 
they occupy (as shown in the camera sketch, PI. «35) the secondary 
little spurs (mostly forest-covered) W. by S. of Pastannah village, 
referred to p. S+O. The outcrops are very imperfectly shown because of 
the prevailing forest and soil-covered dip slopes, but their position as over- 
lying the Zewan (Permo-Carboniferous) and underlying the Muschelkalk, 
admitted of no doubt. They consisted of blocks in situ, and occasional 
definite layers of dark grey, compact limestone, protruding from the 
soil-cap of the oc(!asionally-found barer slopes. 

The apparent dip follows that of the beds below and above and is 
approximately 40® N. N. W. Owing to the down-hill dip, it is not 
easy to estimate the thickness, but there must be at least 300 feet, of 
which some 50 feet are specially fossiliferous, [(1) 5-9-09]. 


Ophiceras bed. 


The commonest form of ammonite in these lowermost Trias lime- 
stones is present in great abundance, single 
blocks often yielding a large number of 
specimens compacted together. Occasionally individuals may be broken 
out from the rock in a very fair state of completeness and preservation. 
A large percentage seem to belong to Dienor^s amplification of Gries- 
bach's genus Ophiceras {PaL IniLy Series XV, Vol. II, Pt. 1, p. 100) 
although in no single instance is tlicro visible any of the delicate con- 
centiic or spiral striation that is supposed to characterise the innermost 
layer of the shell. Other differences are to be found in the transverse 
section which is never cordate, only occasionally lanceolate, and generally 
roughly oval with no well-marked umbilical margin or wall. 

Nevertheless, the general similarity of the forms in size, shape, (;rna*" 
mentation, sutures and range of variation to those united by Dicner into 
his group Ophiceras SaJcmitala cannot be denied, and with this group 
therefore I am compelled provisionally to classify them. 

Ophiceras, Jiccording to Diener, is entirely restricted to the lowest 
division of the Trias, the Otoceras beds. As already remarked, the 
latter genus is apparently wanting in this part of the Kashmir area, so 
that it is quite possible that the forms discovered by me may be slightly 
different in horizon and exact affinities. 


The two species of this group to which most of my specimens most 
nearly correspond are those of 0. Sahuniala, Dien., and 0. piychodes, 
Dien., but the two seem to pass into each other by transitional forms, 
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Hungavitcs. 


whilst there are others, Ophiceras sp., with characteristics which seem to 
connect Ophiccras and Xenodiscus {BaniMies). 

An almost ecpially largo penmen tago of ammonites in this bed belong 
undoubtedly to the genus Xenodiscus [Bannlites). Several species seem 
indicated, but I have not attempted to sort tliem out specilically. All 
or most have a general similarity to the species described by Dieiier and 
von Krafft [Pal /«./., Series XV, Vol. 11, pt. 1, and Vol. VI, pt. 1). 
There are also a few other undetermined fragments of ammonites. 

Orthoceras and Pseudomonotis are represented by a fair number of 
specimens. 

All the above have been gathered both in situ on tlie hill outcrops 

and from loose blocks in the deirital fans, 
but a few other forms, a ? Proarcesles (one 
Small specimen) and al)Out 40 well-preserved small specimens of Jiun- 
gariteSy one Xenodiscus and some Meekoceratidee were only found in the 
detrital material. They occur in a shaley nuitrix, whicdi I much 
regret having been unable to locate in situ. As the nature of the matrix 
is so diiBEerent from the normal Lower Trias it cannot be presumed that 
these specimens of lInngarUeSy etc., really came from the Lower Trijis> 
and thoy may have been derived from some other liighcr horizon. This 
unknown horizon has been indicated by (X) 4-9-00. 

On returning to Calcuthi Mr. Hayden drew my attention to a quantity 
of fossils already in tlic Survey collection from this locality, Pastaiinah 
(Pastooni), gathered by F. Noctling (X. 0. 5S, K. 0. 108 in the Fossil 
Uegister) and identical with those of horizon (1) .5-9-09. No details 
concerning them arc to hand, the Kogister simply giving the name of 
the village without any further comment. It is probable that Noetling 
obtained them, as I did at first, from loose blot^ks, as there was no sign 
of any previous excavating at the in situ places whence 1 collected. 

(2) Ld}ti — (lat. 34^ 5', long. 10'). — Between Pastannah and Lam 

the recent gravel banks and fans of the Patarkul 11. hide outcrops of the 
Lower Trias. At Lam itself, on a small spur immediately north of the 
village, sonic rather doubtful dark grey limestones, of which 300 feet are 
exposed, very probably represent the upper part of the Lower Trias* 
Some obscure traces of Pseudomonotis and of ammonites were found in 
horizon (3) 20-8-09, near the top of these limestones and just below a 
marked cattle track winding up the spur from the village and also in 
horizon (4) 20-8-09 about 50 feet above (3) 20-8-09 (see camera sketch, 
PL 88). No trace of the 5 horizon of Pastannah, however, was 
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found there, and there is good reason for supposing that its position is 
still lower in the section and buried out of sight by the detrital accumu- 
lations somewhere in the neighbourhood of Lam village itself. 

(3) NaraHtdn — (lilt. 54^ long. 75^ iO').— At this village, however, 
there seems to be a perfectly continuous section from the presumed 
Permo-Carboniferous sandy shales with Prodiictm senvireticnlatm, etc., 
(1) 23-8-09, into a set of thin-bedded, dark grey limestones, which, some 
hundreds of feet above (1.) 23-8-09 and immediately above Narastiin 
village, contain numerous ill-preserved traces of ammonites, (2) 23-8-09. 
The specimens jirc much and deeply wc ithered, but tliei’e is good reason 
for thinking that tliey are the real representatives here of part of tlie 
Lower Trias, the rocdv being very similar to that at Pastannah. But, 
from the fact that no ty])ical Ophiceras layer was found in tliis very 
clear section, one is tempted to conclude that it is really absent, having 
died out just as seems to have been the case with other still older 
horizons (e.g,, the Protoretepo:*a anipla zone). Deficient observation may, 
however, still be shown to be the true cause of this ai)parent abseruje, 
inasmuch n-s the Lam and Narastan sections were visited before the 
Pastannah Lower Trias horizons had been discovered. 

(4) Muschelkalk and IJpPEa Trias. 

Whilst th^ L>wor Trias, when present, is only found poorly 
exposed ou obscure dip-slopes, as for instance to the soutli of the valley 
leading down from the pass to Pastannah ; tht? representatives of the 
Muschelkalk auil Upper Trias are well exposed, and occupy the base or 
lower part of a long lino of scarps that rise with increasing steepness 
as higher and more massive beds of the Upper Trias appear, and wliiidi 
finally build an array *>E picdnrcsipie crags and precipices towmdng high 
above the surrounding country. As those scctiojis are eveiy where 
continuous upwards From l.lie Muschelkalk into the Upper Trias, and as 
the uppermost limits «>r the former are not precisely know?i, it will be 
well to take the two together in the present description of them. 

(1) Padamah^Pastuni of Ailm Hkeci: lat. SIP 69)/ , long. 75^ 8\~ 
Immediately to the north of the detrital fan on which the village is 
situated rises a conical ehapod hill-spur which is seen to bo connected by 
a little neck, forming a marked gap, with the higher continuation of the 
same spur leading up to the culminating wall of crags. A camera lucitla 
sketch of the spur is shown in Plate 36 and a section of it and the 
succeeding horizons above in Plate 32. 
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The base of this conical hill begins with 200 feet of dark grey, rather 
thin-bedded limestone, containing no fossils with the exception of a few 
occasional lainellibiauclis. Tli/ dip of it and the succeeding strata is 
N. N. W. Whether this bed belongs to the Lower Trias or to 
the Muschelkalk is uncertain, but petrologically it more nearly resembles 
the former. This changes somewhat abruptly into 200 feet of interbed- 
ded thin limestones and shales, of a buff colour, amongst which also no 
fossils have so far been detected. 

We then pass into grey-iMdourod, thin-bedded, rongh-weathering, 
sandy lin'Kistones, with a liimellibranch horizon, (0)27-8-09, near the 
base. After 100 feet of this wo pass into pale-coloured, more nodular, 
sandy limestones, with hard shaloy partings standing out on weathered 
edges, the whoh^ having suffered mindi from crushing. This cOTitiiiues 
for nearly 200 feet with a few obscure traces of cephalopods, especially in 
bed (1) 3-9-09 which is 80 feet below the well-marked horizon of 
(1) 27-8-09 which wall be used for reference as a datum line, and a 
luimber of black lumps which represent cephalopods, at a position 15 to 
20 feet belo\v the same horizon. Between the two the nodular grey lime- 
stone continues as before until about 5 feet below (1) 27-8-09 when a 
gradual ^change sets in and the rock becomes of dark red and neutral 
colours, and of an earthy, lumpy, calcareous and sandy nature, very tough 
under the hammer and containing a rich fauna. During this 5 feet we 
pass through cephalopod horizons (2) 3-9-09 and (3) 3-9-09, and finally 
arrive at (1) 27-8-09, a rather slabby, hard representative of the dark-red, 
earthy limestone, a foot or so thick, and especially full of GymnUes. it 
stands out prominently on the outline of the hill. This is followed by 
20 feet of black shales and then by horizon (2) 27-8-09 which very nearly 
repeats the characteristics of bod (1) 27-8-09, but it is not quite so red 
in colour. We are now near the top of the outlying hill-spur, the rest 
of the way to the rounded summit being through strata which gradually 
become moic shaley again, and of a dral) colour. These continue to the 
little gap before-mentioned, a thickness of about 400 feet, within which 
arc some fossil liorizons, as indicated by a few specimens picked up on 
the slopes and which are marked (1) and (2) 30-8-09, but have not been 
otherwise located. Horizon (1) 12-9-09, found on an adjacent spur, is 
about 50 — 100 feet above ; (2) 27-8-09 must come somewhere about these 
horizons. 

We have now probably passed out of the Muschelkalk and havo 
arrived among the lamellibraiich horizons of the U [)per Trias marked 
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(3) — (7) 30-8-09. They all occur in a set of alternating grey or drab 
limestones and shales, the calcareous layers increasing as we ascend until 
the rock finally becomes altogether a massive limestone in which nothing 
but obscure traces of lamellibmnchs can occasionally be detected. 

In the above section the petrological characters of the rock elements 
down from tlic Gymniles layers, (1) and (SI) 27-8-09, to the base of the 
nodular limestone, have a great resemblance to the Kumaun and 
Garhwal sections, a resemblance which is also carried out in their fossil 
content. But upwards from that datum line the lamellibranch beds 
(3) — (7) 30-8-09 present us with thick stratigraphical units which are 
quite unlike those of the Kumaun and Spiti sections, there being no 
Upi)er Trias ammonites represented, and also none of the very charac. 
tcristic Daonella shales or Ilalobia limestones. 

The fossil contents of the various horizons in the above section from 
below upwards, as provisionally determined are as follows : — 

From horizon (0) 27-8-09, Pseudomonolis sp. A thin bed full of 
them. 

From (1) 3-9-09 and another bed 20 feet below ( 1 ) 27-8-09 some 
indeterminate fragments of ammonites. 

From (2) 3-9-09 the genera Ccraiitcs, Sturia ?y Aerochordiceras, 
OrlhoceraSy Meelcoceras in large numbers, and a few lamellibranchs. 

From (3) 3-9-09 Ceraliles sp., Acrochordiceras^ Gymnites sp., Meeko- 
ceras sp. in large numbers, Ceraliles (nodod group), Orthoceras, Nauti- 
lus and a large lamellibranch. It should be noted that the last two 
horizons are not sharply distinguished from (1) 27-8-09 above, and for 
practical purposes may be considered as one bed with it, 5 feet thick, of 
which (1) 27-8-09 constitutes the uppermost layer. 

From (1) 27-8-09, which is by far the most richly fossiliferous, 
many examples of Ceratites Thidllicriy 0pp., one or two of C, Mima- 
layanuSy Blan., llollandUes cf. Void or RavanayMicii-y Ceratitesei. 
Airavatay Dien., Ceratites sp., a few examples of the genera Proarcestes 
2 ini}iAcrochor dicer asy one Banubitesy one small PtychiicSy many Meeko-^ 
cerasy a large number of undetermined fragments of ammonites, several 
fine examples of Gymnites Jolly anus y 0pp., and many of Buddhaites 
Ramay Dien., also Gymnites cf. Sankaruy Dien., and a large number of 
undetermined species of Gymnitesy many Orthoceras and Nautilus, a 
few undetermined lamellibranchs, Athyris sp. and a few gastropods. 

From (2) 27-8-09, many llollandUes sp., Ceratites sp., one fragment 
of GymniteSy AcrocAordiceras and Orthoceras, 
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(Above this point in the section no more oephalopods appear 
actually in siiUy tliough one or two specimens were ])ickecl up some 
hundreds of feet above (2) 27-8-09. It thus appears that the well- 
marked Ptychiies horizon of other sections presently to be described is 
either absent here or has eluded observation.) 

From horizons (1) and (2) 30-8-09, not found actually in siluy and 
at a level of some 200 feet above (1) 27-8-09, were obtained some frag- 
ments of coarsely ribbed Gcratites and some gastropods ; whilst from 
(1) 12-9-09 at about this horizon or a little lower on a spur further to 
the west, a large number of Rliynckonella sp. and some ammonite frag- 
ments. 

Near the marked gap on the ridge (continuing tlie original section), 
but rather down the slopes towards the cast, from horizon (3) 30-8-09, 
which is about tOO feet above (1) 27-8-09, a large number of sometimes 
beautifully preserved specimens of a small Avicula / or Pecten. 

From (1) 30-8-09, which is 30 feet above (3) — •, larger forms of some- 
what similar lamollibranchs, Avunda or Pseiidomonotisy together with 
nuiny Myophoria and a few other undetermined lamollibranchs. 

Similar forms are found in bed (5) 30-8-09, twenty feet above (4) 
— , and in beds (6) and (7) — , about 200 foot above (3) and (4) — . In 
bed (G) also occur a few brachiopods, Athyris sp. 

From this provisional list of fossils it may now be accepted as proved 
that a fairly rich and typical upper Muschelkalk, and with probably 
some Upper Trias fauna, is present in Kashmir in addition to the Lower 
Trias already proved. The identification and tracing of these well 
characterised horizons adds consjidorably to tlio geological record in this 
part of the Himalaya and brings Kashmir into lino with Spiti, Garhwal 
and Kumaun. Here, however, as in tlio other sections presently to bo 
described, there is no trace of a Lower Muschelkalk fauna, as parti- 
cularly exernplided by the genus MomphylliieSy the characteristic group 
of Geratiles aahrobmti [KeyserlmgitefSy Mojs.) and the brachiopod layers 
with Rhynchonella Gneshachiy etc. 

But it should he noted that these discoverIe.s were not altogether 
unanticipated, inasmuch as scattered fragmentary fossil evidence had 
already shown the practical certainty that a Muschelkalk fauna existed. 
For instance Lydekker in liis general work, page 14G, mentions briefly 
that Stoliezka obtained Ptychites G'M'adiy Blan., close to the village of 
Thajwaz [Sind valley ?] and says : — “ these rocks may therefore be 
referred to some part of the Trias ... In Iluiides the beds in 
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which the above-raentionod fossil occurs are refen-ed by Mr. C. L. 
Griesbach (llec. Gool. Surv. of India, Vol. XTII,‘ p. 103) to the upper 
part of the Lower Trias (Muschelkalk) Algo Diener {Pal. Ind., 
Series XV, Vol. 'i, p. 08) mentions that among the collection from 
Kashmir in the Geological Survey Museum, Calcutta, sent to Vienna 
for des(!ription there is only one fairly preserved specimen of Ceratites 
Thuillieri from Sunamarg which points to the presence of Muschel- 
kalk.” Again Diener [Pal. Ind., Series XV, Vol. V, Mem. 2, p. 138) 
writes : — "In a letter written shortly before his death A. v. KrafEt has 
drawn my attention to the fact that the Miischelkalk fauna known from 
Kashmir is not confined to Ceratites Thuillieri, Oppel., as stated by me 
[loe. eit, p. 98).’* v. Krafft then adds Gymnttes Salieri, Beyr,, from 
Ladakh (exact locality unknown), and Proarcestes Balfouri, 0pp., and 
Ptyehites nov. sp. ind. e.v aff. malletiano, Stol., from localities which 
there was internal evidence from the labels to show were probably to be 
found in Ka.shmir. 

(2) One mile W . of Pastannah.—Por some distance to the west of 
the section just described in the Muscholkalk and Upper Trias, the 
lower and more interesting part of the sequence of horizons remains 
covered by detrital accumulations. On the actual pass leading over 
to Mandakpal the sections are also obscured by the prevailing forest 
and deeply soil-covered grassy slopes. But between the two, at a 
point about one mile W. of Pastannah, a few partial sections may be 
found on the bridle-road ascending to the pass, and others in the 
stream-bed in the vicinity. Prom one of the latter a further collection 
was made from the Qymnites layer, (1) 8-9-09, which is the etjuivalcnt 
of (1) 27-8-09. The section is a steep little undercliff in the bed of 
the ravine, which may be recognised from Pastannah by the bare rock 
showing among the vegetation. In the camera lucida sketch, Plate 
85, it is represented behind and to the right of the Lower 'J’rias 
horizon, (1) 5-9-09. Here, as in the previous section, the Gynmites 
bind forms a prominent steeply dipping ledge of harder rock, whilst 
both it and the nodular limestone below may be traced to the east 
slanting across the slopes to cut the hiidle-road and nuking a series 
of little falls in the water-coursrjs which join the main ravine from the 
north. The.sc may easily be recognised as they compose a series of 
graceful precipices dropping down into the forest-covered gorge at their 
foot. 

Owing to slight step-faulting along the face of the crag it was 
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impoBsiblo to make a correct detailed s^ion, and collecting tos only 
attempted from the uppermost Gymnites layer. 

TliG following spocics wcrG obtfl'inod from bod (1) 8 * 9 * 09 — 27 * 8 * 09 ^ 
some woll preserved examples of Oyv^uitss JollyctTivSy and 0. cf, Jolly^ 
amsy also of BiiddhaUcH Rama and Ceratite$ Thmllieriy fragments of 
Ceratit^H (coarsely ribbed species), one example each of a small species of 
Ptychites and ProarcedeHy and fragments of Orlhoceras and NaiiUhts 
with afew iMmilllbranchs and gastropods. One very largo GymniteSy 
but broken ami in a poor state of preservation, had a diameter of 1^^ 
iuclie.s, which is somewiiat smaller than the specimen montioned by 
Diener from EImkIri Paiar {Pal. Series XV, Vol. 2, part 2, p. 51). 

(3) KhreWy in the Vild plain — (lat. 31° 1', long. 75° 4'.)— Con- 
tinuing along the outcrop of the Musclicllcalk and Upper Trias over the 
covered sections on the juass and those on the Mandakpal side of the 
pass, nothing further was found worthy of detailed exploration until 
Klirow was roaehed. The appearance of Muschelkalk at this place 
lU’oved somewhat of a surprise. During my previous visit to these 
sec.tious I only just touched the rocks of the Temple hill on my way from 
Wooari to Mandakpal, and did not aiipretuate the fact that a shar|) fold 
at this pjace repeated lower beds than the Upper Trias of tlie Weoan 
spur. Such, however, in l‘)09 was found to bo tlio case, and a very fine 
and clear section of the same was ))r<mght to light. Thus, In spite of 
the outcrops of the Perm o-Caihoniferous trending away from Mandak- 
pal towards W. S. W. and then S. to tlie spur 2 miles N. of Ihirus (see 
plan, Rec. Gcol. Surv. of India, Vol. XXXVII, pi. 31), a small irregu- 
larity of Folding (([uite siin])lo Imt impossible to describe without detailed 
plans) makes a tiny outcrop of the Muschelkalk reappear in the hills 
iS'. W of Khrow where piwiously only U])per Trias had been surmised 
to be present. In general structure and « configuration the spur containing 
tin’s Muschelkalk formation bears a strong likeness to the spur north of 
Pastamiali, botli in the way the particular bods occur and the relative 
position of the gaps on the ridge-crest. 

The lowowmost beds in this section are exposed on the W. S. W. face 
of the lem])le hill, (piite close to Khrow town. They appear in tln^ core 
of a normal antiidinal fohl, and consist of lower barrmi limestones, 
about 150 feet thick, followed by about 100 feet of limestone and cal- 
careous sandy shale wbicli sheet the lower end of the spur on which the 
tem])le stands (see sketch, PI. 37). Then follow about 80 feet of pale 
nodular limostouc, the equivalent of the nodular limestone at Pastannah 
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hill. Those in turn merge into about 20 feet of reddish calcareous shaley 
sandstone, (2) 17-9-OQ, which exactly reproduces the similar reddish 
rock of the Gymnites layer, (1) *27-8-09, in tho Pastannah hill section, 
and like it is separated by some dark shales from an upper Gymnites 
bed, (1) 17-9-09, which outcrops on the very summit of the temple hill, 
and is the equivalent of (2) 27-8-09. This well -recognisable horizon 
will again be used here as a datum line from whicli to reckon the posi- 
tion of any of the succeeding beds and fossil horizons. Its paler lower 
beds have abundant traces of fossils present as black lumps in the 
matrix, but nothing good can be extracted except here and there. 

From (1) and (2) 17-9-09 was collected a fauna very similar to that 
of the IVstannah Gymnites bed, but much less good, including Gymnites 
sp., Gcratites Thnillieriy and other Ceratilesy JProarcestes^ Meekoceras, 
Nautilus, etc. (This and the succeeding rock stages and fossil horizons 
are well illustrated in camera sketch, PI. 87, which is also sufficiently 
detailed to serve as a section through the series here.) 

Above these two horizons from the summit of the temple hill tho 
rock become.s more shaley again, but with calcareous and sandy layers 
down into the first gap on the ridge and across it to the summit of the 
prominent little hill (bearing N. 15*^ W. from Khrew and represented in 
the camera sketch) a thickness of 350 feet up to be(ls](l«) and (3) 15-9-09. 
The strata here at the surfac'e are dipping about 40^ E. N. E. and they 
(jonsist of dark crumbling sandy and iriic^aceous shah«, with harder bands 
of tough shaley limestone, the whole being roughly but persistently 
cleaved. 

Bed (4) 15-9-09 consists of these crumbling shales and is full of small 
brachiopods, chiefly Rhyne ho nella cf. trhiodosi, Bittn., of which some 
hundreds were easily collected on the bare weathered surfaces and dip- 
slopes. SpirifermneL GrieshaeJd or also present. Prom ( i) 

15-9-09, a more hardened layer outcropping at the little summit, were 
extracted Ceratiies Th nilUeri, sp. and three other undeterminod 

ammonites. 

Half way between the little summit and the next gap to the north at 
(2.i) 16-9-09 which is 125 feet above (3 ) — ^ a single example of Ceratites 
Thuillieri was found in similar crumbling shales. At 125 feet higher 
the little gap is crossed, similar beds continuing, and we then ascend for 
35 feet more in tiie section (which is now beginning to be more calcareous) 
to bed (2) lC-9-09 which is remarkable for large numbers of lamelli- 
branchs chiefly Rseudomonotis sp. with Myophoria and some other 
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iindetormined g-eiicra, together with several examples of Buddhailcs 
Tlamay Gyninites sp., Orilioccrm^ Naulilmy one small Ptychites and oue 
largo one {? Meyalodisci group) and one Cevatites Thnillieri The 
presciiee of the genus lHycJitf.es introduces us to a now cephaloiK)d Kono, 
which, however, is much better developed in the Khuumu section (see 
p. -262). 

Generally in tliis bed as in much of the <*rumhling shales altered by 
cleavage, fossils are poorly preserved and dillieiilt to find and extract. 
Dim traces of what were such are seen oci‘asionally on breaking the rock 
but a good specimen is only found where dilfermitial weathering lias 
operated. Even tlien the ammonites are extnunoly rare, having only a 
scattered distribution and demanding arduous soarcli with pick and 
crowbar. 

Above l liG last liori/<)n, wliich corresponds to somewhere near horizon 
(3) 3()-S-09 of the Pastannah section, ceplialopods entirely cease, the rock 
becomes gradually more calcareous and we are prosumablv in the Upper 
Trias. 

About 150 feet aliove (2) It >-0-09 comes bed (3) l(>-9-09, a thin zone 
amongst the prevailing massive limestone and containing a. Few examples 
of S/iiri/erina cf. Iluiieri. Suess., one Uhynrhonella sp. and another 
hracliiopod. 

Beyond this again, following the spurs round to the north of Khrew, 
nothing but massive limestone with a few slialey layers 0 (!cur. They 
iniild majestic cliffs, tlie scaiped faces of which are absolutely bare and 
show the dip planes im'lined at 30 ' —40^ E. N. E. At | — \ mile beyond 
the spur N. W. of Khrew a few ])ands occur of o< bje-woatliering lime- 
stone (1) 15-9-09 c.oiitaiinbjg asinall cf. dip N.E, 

by E. at A similar bed (2) 15-9-09 a few hundred yards further on 

contains an identical fauna. All these beds remind one of those above 
the Spinferina cf. J I uuc r i hovhon of tlio Monastery Hill near Avapal 
aivl Lam in thii Patarknl valley. 

Beyond this point to Balhan, a horizontal distance of about 2 miles 
the same, generally clear, blue-grey, compact limestone continues in one 
unbroken outcrop dipping at about 40"^ with the excejition of some ipiart- 
zites about tiie position of f he S ” of the word Satli])ukrin on tlie Atlas 
of India sheet. Once more beyond this due CJist to Zantrag at the next 
valley head, the same rocks continue, Init beyond tliis they beiK)me bent 
into a series of synclinal troiiglis, generally more or less reversed or with 
more steepening dips to the S.AV. than to the N. E. up to and including 
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the high peak at the junotioii of the ridges S. by E. of Tamnag Station 
where we scoin to ho, somewhere near the eeutral axis of the syncline as a 
whole and in the liigliest beds i)f this mighty limestone formation. 
Throughout all this enormous thickness the rock appears to be absolutely 
barren of organic remains. 

Returning for a momont to the Khrew sjmr section, we find the 
strike bending round rapidly but steadily to the west, W. S. W. and 
S. W., until at tiic S. 15. foot of the Weean spur the lowermost beds of 
the Upper Trias with Spiri/erina cL Slrae/ief/i, (1) 14'-8-08 (last yearns 
number), make their appearance dipping to the N. W. Thus the detrital 
material and alluvium of the valley between the Khrew spur and the 
Weean spur hide all continuation of the Musohelkalk in this direction. 

(4) Spur 2 miles N. of Barm . — In addition to the Upper Trias of 
the isolated hill at the end of this spur and the dip slope of presumably 
Lower Trias described in my last paper {loc. cit: pp. iU I — illG) I may now 
add that on again visiting it in 1909 I came upon reddish calcareous 
earthy sandstones, feebly exposed in the hollow between tlie spur and 
the isolated hill which exactly reproduce the rock of liorizons (1) 27-8-09 
and (2) 17-9-09, namely, the Gymniles bed of the Pastamiah and Khrow 
sections. Although no fossils were found in these chance outcrops, 1 
consider the correlation of the bod with th(> Musohelkalk justified on 
petrological grounds. 

(5) Khmviu , — In addition to the accoujit given in my previous pa])er 

[loc. cit. pp. — 300) of tlie Muschclkalk spurN. N. E. of Khuiimu, 

I have to add Iicre the finding dining my second visit of a very charac,- 
teristic Ptychites fauna at and about the horizon given as near 
(7) 11-8-08.^' Several large weatliered specimens were first found in 
the stream-bed to tlie east of the spur (B) 0-8-0S (see Plate 29 of my 
previous paper) and, ]>y a careful series of cross traverses up tlie dip slope 
of the spur to the jioiut marked near (7) 11-8-08/^ many more wore 
picked up, including some actually in situ in the beds associated with 
the lamellibraiich fauna of that bed. It is evident that these very largo 
forms are e.xceedingly scarce in this horizon, and I do not think tliey 
would have been discovered at all but for the good luck of having an 
extensive dip-slope to search over after denudation had played its part. 
Occasionally one of these great discs would be found in sitn^ hut com- 
pletely weathered out, and just ready to be launched down the slope by 
the next heavy min. The following were collected here: — TiycMtes 
{mcyalodisci ^oxvp^ one of whicli appears identical with Snmiiray Uien.), 
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nine specimens, tin? largest of which has a greatest iliameter of 215 mm., 
PlyehfeH sp. (small forms) (5 specimens, as well as spt^cimens of Puiaco^ 
ceraa, G fmniies, ProarceHcft, Cendileis Thnillieriy and Naifiilus. 

The exact hori/on of the above fauna is probably not far from that of 
Uie bed (7) ] l-S-08, collected from last year. But it is undoubtedly 
higher than (d) 1 l-S-08, the brachiopod bed with 
etc,, and which 1 correlate with the similar bed in tlie Khrew section. 

The particularly rich, red coloured Gym/iiltus bed of the Pastannah 
a?id Khrew sections is therefore evidently not exposed in these Khiinmu 
outej ops, but must lie buried out of sight in the detrital fans. A seautrli 
lor the same up the raviiu? to the west between the Musclielkalk spur 
and the Lower Trias dip slopes was quite unsuccessful. 

(5) Uha neiijltlmirliood — (for hit. ami long, see auLa^)^ — Returning 
back ahjiig tlie outcrop of the Trias into tlie Patavkul valley at Ara-[)a.l 
and Lam, w'o find the structure tlierc to be as represented in the prolile 
view, Plate 38, Almost the same view, but seen in the dislanct^ in com- 
bination witli the Pastannah section, is also rongbly outlined in Plate 3d 
v/hereby it is made plain that the two r‘xposnres are mutually conti- 
nuous with eaeli other, iliough partly hidden beneath the covering of 
Recent deposits in th<^ Patarkul valley. These Lam exposures are, 
liowever, not quite so good as those at Pastannah, ami the harvest of 
fossils o1)t;iined wjis proportionately less. The general strike is N, E. — 
S. AV. with dip to the N. W. into the hill. 

The lowest beds in tlie Lam section seen on the spur immediately 
above the village, and numbered (3) ami (1) 28-8-05), ha\e 

already been mentioned as |>robably tlie iqijicJ’inost portion of the Lower 
Trias (see p. 213). The beds which follow above these it will be seen 
from the drawing ln*ive been searched liy me as they successively a])pear 
oil the nearer spurs in the diroidion <»f the Ziarat (monastery). Idiese 
various spurs were taken for oxaniination in preference to following the 
one spur to the summit of the hill because of ibeir accessibility (being 
more or less along tlie line of the Avater channel Avliich supplies the 
needs of the monastery) and because of tlu? cleai’er and more diverse 
exposures Avhicli they afforded. I^heir relative order with regard to eaeh 
other is sufficiently representeil in the ski'tc.li (PI. ;5S). 

Coming above the (?) Ijower Trias there is first about 300 feel of the 
usual dark grey, samly, shales, slightly micaceous, with roughly leiiti- 
eular bedding and imperfect E.— W. cleavage, wliicli must represent all 
the loAver part of the Musclielkalk section of Pastannah, Khrew, etc., 
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but no fossils wore found until horizon (3) Ki-S-Ol) was struck. This 
and the three succeeding’ liorizons, fairly near to each other up to 
(4) 16-8-00, are all fossil! ferous,. containing the usual Upper Mus- 
olielkalk forms, irnduding Plychites. They are generally somewhat 
calcareous layers in the usual shales. The species obtained with their 
horizons are as follows : 

From (3) 16-S-OO, which is 300 feet above the (?) Lower Trias, a 
specimen of BudfUuUleH Rama, fragments of ilymuxUs sp., stiveral 
other fragments of undetermined ammonites, and a large number 
of Psendomonotifi, identical as to species and liabit in the rock witli 
those from bod (:i) lO-O-OO in the Khrew section. 

From (34) 10-8-00 one si)ecimen of Ptychiten ef. nnjifer^ 0pp., and 
a fragment of a large ammonite. 

From (3ff) 16-8-09 CercUiles sp,, OrUiocents and Pmidomomlis, 

From (3J) 16-8-09 (JeraUles ef. Thnillierif Plychites cf. Geradiy 
some undetermined fragments of ammonites, and NanUhis, 

From (4j 16-8-09 Piyckrtes sp., pHendomonoUs and other ol)scure 
himellihranclis, Rhynckonelh uuiluhiliH, Stol., Rk, sp. and other undeter- 
mined brachiopods. 

It is clear from the alnindanco of Psevdom)\olU and the Piychxks 
that the set of beds, (3)— (I) 16-8-09 might represent the horizons 
(‘Z) lC-9-09 of the Khrew secHou and near (7) 11-8-08^^ of the 
Khunmn section, that is the uppermost portion of the Upper Mus- 
chelkjilk. Ijike tlieni too, the fossils, especially the eephalopods, an 3 
ditliciilt to detect, only appearing here and there in a scattered distri- 
bution in their horizons, and generally romaining hidden in a. 
husk or shell of half- weathered rock, from which they can 
only be extracted with cojisidorablc expenditure of energy. But inas- 
much as (4) 16-8-09 has also a strong likeness to (1) lZ-9-09 and to 
(3) (4) 15-9-09, it is unsafe to do more than bracket the whole from (3) 
16-8-09 to (6) 16-8-09 with the whole of the Pastannah section from (Z) 
3-9-09 to (5) 30-8-09. 

Above this the U])per Trias must be presumed to begin. The 
examples of Plyckitcs and othei* eephalopods cease, and the various 
lamellibraneh and brachiopod horizons, especially those with S^nriferma 
cf. JTaueriy evidently cori-espond to the similar horizons in tlie other 
Upper Trias sections. The rock also gradually becomes much more 
calcareous and the shaley bands get less and less. 

From horizons (5) 16-8-09, which is 200 feet above (4)—, many 
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liimcIUbitinehs, including’ Myoqthoria sp., wliirb remind one of the 
horizon (4) 30-8-09 at Pasiannab, and several oilier forms of undeter- 
mined lamcdlibraiudis. 

This is followed by otlier, l( 3 ss g’ootl^ laniollibraneb liorizons, wliieb 
increase in numbers and generally show matted-togetber remains. For 
instance from : — 

(0) Ifi-S-OO, wbieh is Silo feet above (5) — , and wbieb forms 
a prominent roe.ky knob on the ridge, a. smull . I vie nice (?) in a hard 
blue-grey limestone. 

Then come a few sandy shales and hiiV<l thin bands of grit or 
(piartzite, a few feet thick, with limestone bands. 

From (1) :l0-8-()0, a little above (0) 13-8-00 moi'C lamellibramdis in 
bard pale grey limestone. 

From (1) lC-S-00, at about 300 feet above the last, Spin- 

feriua ef. Stracheyi^ Salt., and undetermined lamellibranebs occur in a 
ri(jb little bod of dark grey and ochre-coloured limestone with a few 
inlerstratilied shale.-;. There arc probably more tlian one of these beds 
not far from eaeli other, and they manifestly represent tlie beds with the 
same prominent species in the Khrew section. 

Above this the limestone.s gradually become more massive and blue 
grey, getting clearer above, and with clirome coloured blotclic.s, until 
about 100 feet above (1) lG-8-00, with Spiri/enna ef. Slracheyi 
the uniform slop{3 ceases, and the rock stands up, very massive, in aai 
iilmosl vertical wall as ])rominently seen in the sketch (PI, 3S). These 
ami all the overlying vei\v great tliicknesses of limestone are apparentiy 
barren of all organic, remains. 

(0) (for lat. and long. seC r/vv/t'.) — Beyond Lam, to the 

nortli. the Trias outcrop was only followed by me as far as the Naiastaii 
side-valley, whicli joins with the Patarkul valley higher up the course 
of tlic latter. A sliglit gcmn-al bending of the strike carries the outerbp 
of Trias and Permo-Carboniferous almost duo north fron: Lam across 
the intervciung ridge. Exposures with fossils are poor. Whilst doubt- 
ful representatives of the Lower Trias occur as already described ni 
Narastan, somewhere just below that village the Miischelkalk must bo 
hidden by the boulder-strewn bed of a feeder of tlie Narastan side- 
valley wliich comes down from the north. 

In the Upper Trias whicli is well :lis])laycd in the roi^ky spurs to the 
west of this point the first bed of limestone seen yielded horizon (1) 
2,")-8-09 with Spiriferina cf. llaueri. A little further west 
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still, and about one mile from Narastan in the bay of the hills, (il) 
23-8-09, with n RoUtary example of a NauliluSy whilst still a little 
further on ttomes (3) 23-8-09 with more Spiriferina cf. llaucri 
and near it the crinoid limerbmes ( t) and (5) 25-8-09. 

In the annexed table are shown at a glance all the fossil horizons, 
from Silurian to Upper Trias, which have so far l>een discovered by me 
(luring the two seasons spent in Kashmir. They are arranged in order 
of age. By following the columns down vertically in any locality 
eornpartment, one passes successively through older and older beds. On 
the other hand, all the zone numbers found in one horizontal line are 
supposed to be of the same age. In case of doubt about any partitmlar 
fossil zone, biacki^ts have been used to show how much of one group as 
a whole corresponds to liow much of another. In these cases the ])arti- 
cular horizons may or may not correBjH)nd to i;*:ich other, the evidence 
being generally inconclusive on this point. 


TABLE OF CORRELATED HORIZONS. 
Muschelkalk and Upper Trias. 


K. of Qoryul 

Uorixun of ravhx*. Klirow. 
Khaiiiiiu. 


Wcean. Pastannah. j 


Spiriffviwt cf. j 
Haueri, S, I 
Sfrache^yi 
iiiul I'amclli- 
braiichs. I 


C\ ( 4 ) 8-B-08 1 


Ceratites flp. 


HhynchoneUa iri- ,, (3)16'9-09)i 

Bud M. I ( 4 / Do. H 

sp. I 


r(2) iri-9-00,1 


L (1) no. j 


Piyrhitfia {Mfga- . (7) 
lodiaci Kroup) I j 

and. P&emo’K and nour J- 

monoHs. ( I 

(7) 11-8-OS; 


^ (1) Do. ^ 
I I I 

1,(3) 16-9-09 J 




(2) 10-9-00 I 


(2U 15-0-09 I 


ftymniiea and 
Ceratites, etc. 


f (1) 17-9 09| 

I (2) 1)0. ) 


r(3) : 

C (1) 16-8-09^ I 

] M (2) 

(. ll) 20-8-00; I 

^(1) 


f (7) 30-8-00 -i 
I (6) Dn, I 

■( 5) Do. > I 

1 (4) Do. I I 

^.(3) Do. J I 


f (2) 30-8-09 
i (1) Do. 


(1) 12-9-09 


r (2) 27-0-09 
(1) 8-9-00 
• nnd 
i (1) 27-8-09 
I (3)3-9-00 
1.(3) Do. 

(■(1) 3-0-OO 
1(0) 27-8-00 


(6) 10-8-00') 
(6) Do. 

(4) Do. 
}-(3i) Do. 

(3J) Do. 

(3i) Do. I 
(3) Do. ! 
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TABLE OF CORRELATED HORIZONS-Pon^rf. 

Lower Trias. 


Homon nf 

■E. of Guryul 
ravine, 

K huninii. 

Khrew. 

VVeean. 

PiiHtannah. Lyin. 

1 

Nawtli.,. 

Pseudomanofi 1 , 

Me. 


— 

— 

1 

^ 1 (4) 20-8-09 

V iS) Do. 

- : - 

Hungnritfis (posi- 
tion untteriainj. 

— 

— 

— 

(X) 4-9-09 

i 

’ ' 

1 .. 

' i 

r| 

MeeTcoccran . < 

(4) e-s-os'i 
(3) Do. / 
12) Do. ( 
(1) Do. ) 

— 

— 

i 

i 

! 

(?) (ai 23-8-: ( 

“*• jl(S)i)o. 

ophleerag , , 

— 

— 

— 

(l) G-9-09 : 

1 


Zewan or Permo-Carboniferous. 


Puss. 


Liinie1Iibran<'b« . 


Sjii l ifer Jtiijah j c 

(proddtnlnaiitj. i 


Splrifer Jlajoh, | 
Marqi'idffi’a, \ 
J^rintiirlux CvrUf ' It 
l.ytl'niiUf ell-. 


J^roilvftm nenii- 
reliciilalnn. 


Protorc/ppora Z. 2. 

ampta, ' 





r.am and 
NarasUn. 


(1) 23-8-00 


AbHlMlt, 


Z. 1. 


(1) 4-S-08 
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TABLE OF CORRELATED HORIZONS— con<d. 
Lower .Qondwana. 


Horiztm. 

GoUbgarb Puss. 

1 

Pansapurn. 

Villi difttvict. 

fllo^sopleris and Vfriehrnria . 


1 (?) (1) 9-8-09 1 

— 

GangamoiilRria sui<l 

W. 1. 

i 

; Present at Risiu 

phifUnm. 



1 and Z^wiin spurs. 


Panjal Traps and Agglomeratic Slate (Unfossiliferous). 


Fenestella Series (Middle Carboniferous?), 


Horizon, 


uppermost Fenestolla bod 


“ Cnmp” borizon 
Lcbin<ljijj:ir bod 


Lt^bindajjar. 

Left bank 

Liilar R. Hoad of 

S. S. E. of Kirram valley. 

Dowbat. 

(3) 27-5-(l0 

(1) 1-6-09 ; — — 

f(l) 26-5-09'! 
1(2) 23-5-09 
((3) 24-5-09 ^ 

1(2) Do. J 

f (2) 13-9-08'! i ; 

(3) Do. i 

(5) Do. i 

4 I-: (1) 8-8-09 1 (1) 13-5-09 

(4) Do. 

(1) 6-9-08 i 

(.(1) 6-6-09 J i 

' 1 i 


Passage Beds. 


Syringothyris Limestone Series (Lower Carboniferous). 


I Kotsu. I Einlinialtim and maghb<nu'Ii(N)d. : N. W. of I’ldHau. 


(0) 3-9.08 I 

f (2) 15-3d>9'i ' I (2) 3-9-08, (4) 5-9-08, (1) 14-B-09 ] 
1(2) 12-5-09) I] (3) 1 ) 0 . (3) Do. (2) Do. 

(3) Do. 


(1) 27-6-09 


ni) 4-7-09 
(.(2) Do. 









259 


Part 3.} Middlemiss : Jna^‘ Sequence in Kdkhmir. 

TABLE OF CORRELATED WORlZONS^condd. 
Muth *’ Quartzite. 


upper Silurian. 


■ 

GngaUlar. 

tiinlramei'. 

\ 

■ Margan Pass 
S. side. 

Lutlicrwan. 


— 

(1) 19-0-00 : 

(1) 11-7-4)9 

(1) 21-7-09 

(1) 22-7-09 

1 


In ooiiclusioiij I should like to dnnv attention to the fine field which 
Kashmir <dlers to future explorers aiiiong Himalayan fossiliferous 
sedimentaries. I]\ the vale of Kashmir, or within a few easy marches 
from the ciipital of the State, there are <leposits of Silurian, Cari)oni- 
ferous and Trias age, 4*oin])aral)lo in many respects to those which occur 
in the classic regions of the Salt llange, Spiti, Garhwal and Knmaiin. 
The last three places are, however, some weeks of arduous marches from 
railway ami road, are only accessible with difficulty, and lie at elevations 
oometiriies twice or even thrice that of the Kashmir areas. The Salt 
Range on tlic other hand lies at a low elevation, and cannot compare in 
climate Avitli Kashmir, which also, as is well-known, is an ideal embodi- 
ment of tlie pi<;tures([ue and l)eautiful. 

There is only one drawliack, and that is that one must dig, and dig 
very laboriously and continuously, before one obtains worthy repiusenta- 
tives of the rich faunas that for so long have lain almost neglected. 


1S8S. U. I), Oldliam 


>1 


1801. C. L. Griesbach 


1893. 


1890. 0. S. Middlemiss 
1898. C. Diener • 

1902, A., von KralTt » 
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Plate 28. Panjal bedded traps, N. E. of Gugaldar. 
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Note on the Discovery by Mr. Middlemiss of 
Fenestella-bearing Beds in Kashmir. By H. H. 
Hayden, Superintendent, Geological Survey of India. 

O F tlie many iinpnrtant discovmes made in recent years in Kashmir, 
those recorded by Mi'. Middlemiss in the foregoing paper will pro- 
bably prove to be the most far-reaching, since they throw a now light on 
what has been the most vexed question in the whole realm of Indian 
geology, the great Goiidwana controversy, and may possibly compel ns to 
revise our estimate of the age of the Talchir boulder-bed and of the 
fossiliferous horizons immediately overlying it. The object of the pre- 
sent note, however, is not to discuss the general bearings of the i-ecent 
discoveries — a task whudi will no donbt be ably carried out by Mr. 
Middlemiss in due course — , but to draw attention to, and to coiTect, 
certain misapprehensions of my own. 

The part of Mr. Middlemiss’ pajier which has an immediate bearing 
on the case is that comprised in pages 3'22 to 332, from which it will 
be seen that he has delinilely proved the presence in scveial localities of 
certain beds containing hcwstelhi', and which he categorically identifies 
witJi the FenesteUa shales of Spiti. In a. paper pnldished in I90J-,' 
and in subsequent papers, =* I have correlated the Spiti FenesteUa Shales 
with the lowej' beds of the Zev/an stage, which ao separated from Mr. 
Middlemiss’ FenesteUa beds by the xvhole thi«!kness of the agglomcratie 
slixte and the Panjal trap. This correlation was based on a description 
by Pi.ifessor Diener* r>f (ertain fossils supposed to have been collected 
in lieds of the Zewan stage, Imt Mr. Middlcmiss'^ has now shown that 
these fossils were a mixed lot «lerived partly from hi.s FenesteUa bods 
and partly from the true Zewan stage and he lias made out a very 
strong case for the correlation of the FenesteUa shales of Spiti with 
the FenesteUa beds of Kashmir. If this is correct, we have now to 

' Mem., Oeol. Surv. r/idia, XXXVl, part i (IJ)OI), 

* Rec., Oeol. Sitrv. dmlia, XXXVl, ; Bnrranl aiul Hayden: Geograpluf 

and Geology of the RitnaLaya and Tibet, 244 (10H8). 

^ Ral. Indica^ See. XV, Voh 1, pt. 2. 

* Mem., Geol. Sure, India, XXXVI, pt. .141) (1004). 
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look, in Spiti, for the equivalent of the lower part of the Zewan stag-e 
with Protoretejpora umfila. It is of course possible that there are two 
Fenestella horizons in Spiti, as indeed at first sight there appear to be on 
the left aide of the Spiti river below Po, but on the whole the evidence 
is against this. The Productus shales of Spiti may be safely correlated 
with the similar beds Kashmir, but we ought properly to restrict 
this term to the beds containing Marginifera and SjArifer rajah ; the 
lower part, of the Zewan stage with Prolorelepora ampla must then 
find its equivalent in Spiti eithei* in the (klcareous sandstone stage 
or in the underlying conglomeiute, or in both. One is certainly 
tempted to see in the great imconfornutv, \vl)i(di extends from 
Kumaun to Spiti, the i;*r|uivalent of the break in continuity of 
marine sedimentation repiesenled by the Panjal trap, in which case the 
Spiti conglomerate will after all approximate in age to the Talcliir 
boulder-hed. And here 1 must cry peccavi^^ in liaving dissented so 
emphatically from Mr. Oldham’s corndation of these one with the 
other, and in fairness to him I must admit, with eijual emphasis, that 
not only has the supposed evidence against this broken dow n but the 
new facts collected hy N r. Mhldlemiss are decidedly in its favour. 
This, however, refers only to the correlation of <lie Spiti conglomerate 
with the Talchir boulder-bed and that only from the [loliit of view of 
liornotaxis, not of mode of origin, for 1 still regard the Spiti rook as an 
ordinary conglomerate and quite distinct fn)m a tillite ; nor does this 
affect my views as to the age and relationships of the Blaiiil boulder- 
slate.^ 

In the light of Mr. Middlemiss’ discoveries further study of the 
Po series of Spiti is highly desirable. It was only very cursorily 
examined by the late Dr. von KnifPt and myself and may cvimprise 
fossiliferous horizons not yet found. So far Prof.oretvpora anipla 
has only been observed in the Penestella shales of Losar, but the 
persistence of this species in Kashmir as exemplified by its survival 
from the Penestella beds up to the Zewan stage, that is to say through a 
postulated glacial epoch- followed by one of undoubted volcanic activity 
is very striking, This can only be explained either by great hardiness 

> Burnird and Hayden : op. dt. p. 228 (1908). 

^ lleoent work has not adduced any evidence in favour of a glacial origin for the aggio- 
Hieratic slate (Panjal ( ongloinerate), which Mr. Middleniiss is evidently inclined 
to regard rather as of \olcaiiic origin. 
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„ell «, that of «„! 

ovmoie8\iecw8 oi Prociuctii*, rather indicates that the Panjal volcamo 
period was of comparatively short duration, in spite of the great thick- 
ness of material poured out. In this case there may have been no great 
time-interval between the deposition of the Penestella beds and that of 
the lowest beds of the Zewan stage. We must look to Mr. Middicmiss 
for an answer to this question which has an important bearing on the 
age of the Talchir stage. 
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pp. Ill (73—183), pis. 10 (1 double), (>^— 
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„ „ „ „ 3 (1881). Polecypoda, pp. 144 (185-328), pis, 8 

(xvii — ^xxiv). 
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pis. 62 (xxv— ixxxvi). 
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pp. 64 (771—834), pis. 10 (Ixxxvii — xcvi). 

„ „ „ ,, 6 (1886). Ccelenterata, pp. 90 (835—924), pis. 20 

(xcvii— cxvi). 
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998), pis. 12 (tTvii — cxxviii). 

Fossils from the Coratite Formation : Vol. II, pt. 1 (1896). Pisces— Ammonoidea, pp. 324, 
pis. 40. 

Geological Results ; Vol. IV, pt. 1 (1889), pp. 1—88, pis, 4 (out of print), 
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(StB. XV.)— HIMALAYAN FOSSILS. 

Upper- triassic and Uassic faunm of the exotic blocks of Malla Johar in the Bhot Mahah of 
Kumaon : Vol. I, pt. 1 (1908), by Dr. C. Diener, pp. 100, pis. 16 (1 double). 
Anthracolithic Fossils of Kashmir and Spiti ; Vol. I, pt. 2 (1899), by Dr. C. Diener, pp. 96, 
pis. 8. 

The rermocarbonif erous Fauna of Chitichun No. 1 : Vol. I, pt, 3 (1897), by Dr. C. Diener. 
pp. 105, pis. 13. 

The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), 
by Dr. 0. Diener, pp. 64, pis. 5. 

The Permian Fossils of the Central Himalayas : Vol. I, pt 5 (1003), by Dr. G. Diener, 

The%^l^o^a of the Lower Tnas : Vol. II, pt, 1 (1897), by Dr. C. Diener, pp. 182, 

pla. 23* 

The Cephelotrada of the MwKhdkalk : Vol. II, pt. 2 (1896), bjr Dr. C. Diener, pp. 118, 
pli. AL 
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The OrddVician and Silurian fossils from the Central Himalaya : Vol. VII, Memoir No. 2 
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The Fauna of the Upper Cretaceous Maestrichtien) Beds of the Man Hills : Vol. I, pt. 5 
(1897), pp. 79, pis. 23. 
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The Cambrian Fauna of the Eastern Bait-range ; Vol. I, Memoir 1 (1899), K. Bedlich, 
pp. 14, pi. 1. 

Notes on the Morphology of the Pelecypoda : Vol I, Memoir 2 (1899), Fritz Noetling, 
pp. 58, pte. 4. 

Fauna of the Miocene Beds of Burma : Vol. I, Memoir 3 (1901), Fniz Noetling, pp. 378, 
pis, 25 (out of print). 

Observations sur quelques Plantes Fossites des Lower Oondwonas : Vol. II, Memoir 1 
(1902), R. ZeiUer, w, 39, pte. 7. 

Pemo-Carboniferoos j^wer Gondwana) Plants and Yeitebrates from Kaslunir : (1) 
Plants, by A. 0. Seward ; (2) Fishes and Labyrinthodonts, by A. Smith Woodward : 
VoL 11, Memoir No. 2 (1G05), pp. 13, pis. 3. 

The Lower Palssozoic Fossils of the NorUiem Shan States, Upper Burma : Vol. II, Memoir 
No. 3 (ld06), by F. R. G. Beed, pp. 154, pis. 8. 

The Fauna of toe Napeng Beds or the BhatiQ Beds of Upper Burma ; VoL II, Memoir 
No. 4 (1908). by Miss M. Healey, pp. 88, pte. 9. 

The Devonian Faunas of the Northern Shan States * Vol II, Memoir No. 8 (1908), by 
F. B. 0. Reed. pp. 183, pte. 20. 

The MoUusca of the Banikot Series : Vol III, Pt 1. Memoir No 1 (1909), by M Ooss- 
mann and Q Pissarro Introduction, by E. W Vredenburg 

On some Fisb-vammns from the Beds at Dongargaon, Central Provinoes : Vol. Ill, Memoir 
No. 3 (1908), by A. Smith Woodward, pp. 6, pi. 1. 

The Fossil GiraJlidae of India . Vol III, Memoir No. 4 (tn the Press), by G. E. Pilgiim. 
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VoL. 1, 1B69. 

Paft 1 {out of Annual Mpoit for 1867. Coal-ceams of Tawa va!l$y» Coal ill 

Qarrow Billa. Copper m Bundelkiuid. Meteoritea. 

Part $ {out of j»nitf)v*-%oat>aeatii8 of neighbourhood of Chanda. Coal near Nagpur. Qeo« 
logioal noted on Surat coUectorate. Oophalopodoua fauna of South Indian crotaoeoud 
depontd. Lead in Raipur dutrict. Coal in Rastem Hemidphere. Meteontea 

Part 3 (ota of pnjU).^-OastropodouB fauna of South Indian cretaceous deposits. Koies on 
route from Poona to Nagpur vi& Ahmednuggur> Jalna, Loonar^ Yeotmahal, Mangali 
and Hingunghat Agate-flake In pliocene I T) deposita of Upper Godavery. Boundaiy 
of Vindhyan sertes in Rajputana. Meteorites. 

Voi.. II, 1869. 

Part 1 {out of pnntl.'^-Valley of Pooma river. West Berar. Kuddapah and Kurnool 
fonoationB. Qeoxogieal sketch of Shillong plateau. Gold in Singhboom, etc. Welis 
at Hasareebagh. Meteorites. 

Part 3 , — Annual report for 1868. Pangshnra tecta and other species of Ohelonia from 
newer tertiary deposits of Nerbudda valley. Metamorphic row of BengaL 

Part d.— <jfeology of Ruoh, Western India. Geology and physical geography of Nicobar 

Part Jj^ {out of f7nRf).^Bed8 containing silioifled wood in Eastern Prome, British Bnma. 
Mmeralo^cal statistics of Eumaon division Coal-field near Chanda. Lead in Raipur 
district. Meteorites. 

Von. Ill, 1870. 

Part f.— Annual report for 1869. Geology of neighbourhood of Madras. Alluvial deposits 
of Irrawadi, contrasted with those ox Ganges. 

Part 3 {out of Geology of Gwalior and vicinity. Slates at Obiteli, Kumaon. 

Lead vein near Chicholi, Raipur district. Wardha river coal-fields, Berar and Oen« 
tral Provinces. Coal at Karba in Bilaspur district. 

Part 3 {out of mne).~Mohpani coal-field. Lead-ore at SUmanabad, Jabalpur district 
Coal east of Ghhattisgarh between Bilaspur and Ranchi Fetioleum in Burma. Petro^ 
lenm locality of Sudkal^ near Futtiii^, west of Rawalpindi. Argentiferoua galena 
and copper in Manbhum. Assays of iron ores. 

Part 4 {out of firm!).— Geology of Mount TiUa, Punjab. Copper deposits of Dalbbum 
and Binffbbum : 1.— Copper mines of Singbhum : 2. -Copper of XJalbhwn and Sing* 
bhum. Meteorites. 

VoL. IV, 1871. 

Part 1 — ^Annual report for 1870 Alleged discovery of coal neai Qooty, and of indications 
of coal in Cudaapah district. Mineial statistics of Kumaon division. 

Part 3 — Aiial group in Western Prome. Geological structme of Southern Konkan. 
Supposed occurrence of native antimony in the Straits Settlements. Dej^t in boilers 
of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on sOutli* 
em extensaons of Eamthi group to neighbourhood of Ellore and Rajamandri, and on 
possible occurrence of coal in same direction. 

Part 5.— Bonngs for coal in Godavari valley near Dumagndem gad Bbadracbalam* 
Narbada coal-basin. Geology of Central Provinces, nant^bearing of 

Godavari valley. 

Part A— Ammonite fauna of Kutch. Raigur and Uengir (Osngpur) Coal-field. 

in neighbourhood of first barrier on Godavari, and m country between Godavari and 
BUore. 

Vox,. V, 1872. 

Part f .—Annual report for 1871. BelaiionB of locks near Murree (Mari), Punjab. Mineral, 
ogical notes on of South Mirzapur and adjob^g country, in 

neighbourhood of first barrier on Qodavmri, and fai oouQtry betvreen Godavori and 
Bfilore. 

Part f.--Coasta of Baluchistra and Persia from Karachi to head of Pexrian Gulf, and 
some of Gulf Isisads. Parts of Kummtimmet and Hanameonda dlatricta in Ntasia's 
Domixuoiis. Geology of Orissa. New coal-field in iouib-essterii Hyderabad (Oeocan) 
territory* 
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Part imd M di caH coMt oi Ar»l)ia. 

. Ajidijgr|m of WdyUurii Promd/ 

Puti ixi notihem region of 8att>iic» Win. Eyidonoe afforddl ' by raifted 

banks on coasts of India/ in estiniating amonnt of elovdiion ibdicatod tiiaraby. 
Possible field of coal’meaaureB in Godavari district, Madras Presidency; Lraeta or 
intratrappean formation of Central India. Petroleum localities in Pegu. SupfkMed 
eozoonal Ifmestone of £eilam J^le. 

--VOL.- yi/WTO.' v 

Pari 2.— ^Annual report for 1872. Geology of Korib- West Provinces. 

Part y.-^Bisrampur coal-field. Mineralo^cal notes on gneiss of south Mirzapur and ad- 
joining country. 

Part S , — Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer) : on age of 
deposits, and on associated shells. Barakara ^al-measureS) in . Beddadanole 
Odlavari district. Geology of parts of Upper Punjab. Coal in IntBa. Salt-springs 
of Pemi. 

Part i , — iron deposits of Qhanda (Central Provinces). Barren Islands and Narkondam. 
MetaUifejous resources of Briti^ Burma. 


Von. VII, 1874. 

Part 1 (out of ^int)i — ^Annual report for 1873. Hill ranges between Indus valley in Lodak 
and Shan-i-Dula on frontier of Yarkand territory. Iron oree of Kumaon. Baw 
materiab for iron-smelting in Baniganj field. Elastic sandstone, or so-called Itaco- 
iumyte. Geological notes on part of Northern Hazaribagh. 

Part y (out of print). — Geological notes on route traversed by Yarkand Embassy from 
Shah-i-Dula to Varkand and Kashgar. Jade in Karakas valley, Turkistau. Notes 
from Eastern Himalaya. Petroleum in Assam. Coal in Garo Hills. Copper in 
Narbada valley. Potash-salt from East India. Geology of neighbourhood of Mari 
hill station in Punjab. 

Part y.-M3eological observations made on a visit to Chaderkul, Thian Shan range. 
Former extension of glaciers within Kangra district. Building and ornamental stones 
of India. Materials for iron manufacture in Baniganj coal-field. Manganese-ore in 
Wardha coal-field. 

Part k (out of print ), — Auriferous rocks of Dhambal hills, Dharwar district. Antiquity 
of human race in India. Coal recently discovered in the country of Luni Pathans. 
south-east corner of Afghanistan. Progress of geological investigation in Godavari 
district, Madras Presidency. Subsidiary materials for artificial fuel. 


VoL. VIII, 1876. 

Port 2.-— Annual report for 1874. The Altum- Artush considered from geological point of 
view. Evidences of * ground-ice * in ttopical India, during Talchir peri^. Trials of 
Baniganj fire-bricks. 

Part y (out oj^rtnt).-~Gold-fieldB of south-east Wynaad, Madras Presiden^. Geological 
notes on Eliareean hills in Upper Punjab. Water-bearing strata of Surat district. 
Geology of Scindia's territories. 

Part 3 (out of print ), — Shahpur f'oal-field, with notice of coal explorations in Narbada 

region. Uoid recentW found near Mofiong, Khasia Hills. 

Part 4 (out of print ), — Geology of Nepal. Baigarh and Hingir coal-fields. 

VoL. IX, 1876. 

Part 1 (out of print ), — Annual report for 1876. Geol<^ of Bind. 

Part y. — ^^tirement of Dr. Oldham. Age of some iMsil floras in India. Cranium of 
Stegodon Ganosa, with notes on sub-genus and allied forms. Sub-Himalayan series in 
Jamu (Jatnmoo) ^Hills. 

Port y.r^Foseil floras in India. Geological age of certain ^ups comprised in Gondwana 
series Of India^ and on evidendo thev afford of distinct zoological and botanical terres- 
t^ redone in ancient epochs. Belations of foBsiliferous strata at Maleri and Kota, 
near Siraooha, 0. P. Fom mammalian faunas of India and Burma. 

Part |. — FosiB floras in India. Osteology of Merveopotamne dissimilis. Addenda and 
Corrigenda to paper on tertiaiy mammalia. Plesiosaurus in India. Geology of Pir 
Panjal and neighboaring districts. 

Vo& X, 1877. 

Part Z.^Annual report for 1876^ Geological notes on Great Indian Desert between Sind 
and Baiputana. Cretaceous, geiius Omphalia near Niunebo lake, .Tibet, about 76 miles 
north (3 Lhassa. Estheria iu Gondwana formation. Veitebrata from Indian tertiary 
and aecondary rooka New fimydiae :&oin the upper tertiaries of Northern Puiijah. 
Obiervarions on uhder-grou^ ' . 
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Geology and Prospects of Oil in Western Prome 
AND Kama, Lower Burma (including Namayan. 
PADAUNG, TAUNGBOGYI, and ZlAlNG). BY MURRAY 
Stuart, B.Sc., F.G.S., iAssistant Superintendent, 
Geological Survey of India. (With Plate 23.) 


List of localities 
crilied below. 


des- 


T HE localities described below include Namayan, Padaung, Ziaing, 
anil Taungbogyi in western Prome, and Kama in western 
Thayetmyo (see PI. 23). At each of 
these, oil seepage occurs or has occurred 
in recent years. All of these localities 
were mapped by W. Theobald in the years 1861—1873, but the 
scale of his map (8 inches =1 mile) was too small to permit of anything 
but the largest divisions being made. 

The rocks occurring in the area mapped belong to the following 

series, described by Theobald in the 
Memoirs, Geohqiml Survey of Ivdia) 
Vol, X ^ - 


Rocks occurring in the 
district. 


Newer Alluvium. 

Older Alluvium. 

Irrawaddy series Fossil-wood group ”). 
Pegu system. 

Nummulitic series. 


} 


Recent. 
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So far as the older^ and newer alluvium beds are concerned, I have 

merely .mapped them where they occur 
Extent of detailed exa- extent, without any further 

exammation, and have confined my de- 
tailed examination to the rocks of the Pegu system, especially with re- 
gard to its relations to the underlying Nummulitic series on the one hand 
and the overlying Irrawaddy^ series on the other. I may mention here, 
however, that around Thingan there is a deposit of kankar, somewhat 
argillaceous and covering an area of some square miles, which 
corresponds to the Older Alluvium in other parts of the district. It 
has a gentle dip to the south and completely masks the underlying 
rocks. Where it is traversed by streams, the calcareous matter has 
been dissolved and redeposited in thick masses of non-argillaceous 
kankar. It is interesting in that it contradicts the view put forward 
by Theobald that such kankar deposits do not occur in Pegu [Memoirs, 
Geological Survey of India, Vol. X, part 3, page 46), and its occur- 
rence brings the Older Alluvium of Pegu into closer similarity with 
that of India. 


At the same time T have mapped the rocks of the Pegu system itself 
^ , . in some detail, and have everywhere suc- 

Divisioiis ot the Pegu needed with little difficulty in distinguish- 
ing the subdivisions suggested by Theobald, 
viz , : — 


4. Kama clays. 

3. Upper Promc series (section B of Theobald).'^ 
2. Lower Prome series (section A of Theobald). 
1. Sitsayan shales. 


I can add little or nothing to Theobald’s detailed and admirable 

description of these rocjks, except to con- 
'llieobald’s section of the suggestion of Noetling, that the 

rocks described in section B (Upper 
Prome series) do not comprise the whole 
of that division, but that there is a considerable thickness of these 


Upper Prome beds incom- 
plete. 


^ This older alluvium is the equivalent of the Red Alluvium Silt or Red 
Alluvium frequently referred to by other writers subsequent to Theobald. 

2 This is identical with the Fossil-wood group mentioned by Tlieobald. 

^ Memoirs^ Qeol. Surv. Ind., Vol. X, pt. 3, p. 84. 
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beds hidden by the channel of the Irrawaddy at the point where 
Theobald’s observations were taken,^ 

It is my intention to adhere throughout the paper to Theobald’s 
'niftolmlrt’s scheme of scheme of classification, as given above, 
classification artoiited in in preference to Noetling’s later scheme 
lireforeiice to WV. IV'oet- of classification wliich consisted of the 

‘ Yenangyaungian ’ and ‘ Promeian,’ and 
wherever in the subsequent pages I refer to Prome beds I mean tlie 
Prome beds of Theobald’s classification and not the Promeisfti of 
Noetling. My reasons for preferring Theobald’s seheme to that of 
Noetling I give on a later page in this paper. 

The thickness of the Upper Prome beds where they occnr by Thebyu, 

just to the north of Prome, where their full 
thickness is exposed, is in the neighbour- 
liood of 2,200 feet. 

Leaving for the time the question of what beds occur over the Prome 

beds at this particular point, Theobald was 

Kama clays follow directly upon the Upper 
Prome series in the general section of the Pegu rocks. 

The nicks of the district sliown on the nia]) speaking generally dip 

in a direction ranging from north-east to 
east, and have developed a subsidiary 
synclinal fold between Padaung and Ziaing. 
The main feature of the country is a large fault which runs in a N.N.W. 
direction, and passes through the mud volcanoes and salt springs indi- 
cated by Theobald.'^ Its effect is considerable, for at Thingan, Sitsayan 
shales on the. east of tlie fault are faulted against Kama clays on the 
west, and similarly at Sindc the lowest beds of the Jjower Prome series 
are faulted against beds liigli in the Kama clays. It is most probable 
tlvat it is not a simple fault, but that it is combined with a horizontal ' 
movement of the beds west of it in a N.N.W. direction. 

West of this fault and north of Padaung there is a syncline and 

anticline of Pegu rocks : Kama clays 
occunlng in the trough of the syncliue and 
on the eastern flank of the anticline, while 
lower Prome beds arc exposed along the crest of the anticline. To the 


Real thickness of 
Upper Prome series. 


General si rnctnre of the 
district. 


Detailed structure west 
of the fault. 


^ Pal. Ind., Xew vScrics, Vol. I, pt. .3, p. 22. 

2 “ Mt Springs of IVgii.” Records, OecH. finrv. Ind., Vol. VT p.07. 


n2 
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north these folds are cut oft by the fault, but to the south they end 
abruptly near Kayinzu, where the lowest beds of the Kama clays outcrop 
in th(5 Irrawaddy dipping E.S.E. * It is from these beds of the Kama 
clays that the oil seepage at Kayinzu used to occur, but the seepage is 
reporced to have l)een exceedingly slight and has not been observed for 
several years. 

In the Prorne beds opposite Prornc and east of the fault this synclinal 

and anticlinal structure again occurs, but 
BrtaMcd stnichire ^ very much smaller extent, being con- 

« t le an . Upper and Lower Prorne series 

and only extending from Ziaing on the north to Kyaukthinmaw to the 
south. North and south of these places the rocks dip in a general 
easterly direction. 

On tracing the base of the Sitsayan shales over the sandstones and 

clays of the Nummulitic series it became 
Lnconfoniiity between evident that they do not form a 

seTies*^^^' UIIIIIIII itic (j^)j^fQ|.|yjablc sequence as hitherto sup- 
posed, but that a considerable unconform- 
ity occurs between the two groups ; for, though the difference in direc- 
tion and amount of dip was not apparent in any individual section, yet as 
I traced the junction from north to south I fmmd that the Sitsayan shales 
overlap bed after bed of the Nummulitic series. Also the Sitsayan shales 
contain near their base occasional worn fragments of the Nummulitic 
sandstones and limestones. 

The general strike of the beds of the Nummulitic series is north-west, 
X- X -1 r Sitsayan shales traces 

the Xl'iimiuilin ” irregular line which has roughly a north 

and south direction. T made no attempt 
to measure the thickness of the Sitsayan shales, because no section 
occurred where such a proceeding was possible. 

Overljdng the Sitsayan shales comes the Lower Prorne series (sec- 
_ tion A of Theobald), by no means un- 

n**'*i'?.i”**^ fossiliferous as Noetling lias assiuned,^ hut 
to supposed* contaimng no distinctive fossil horizons. 

Thus, from the massive sandstones at the 
base of the series, where they outcrop by Sinde village, I obtained 
abundant echinoderms and sharks’ teeth.® The echinoderms being 


1 Pal. Ind., New iSeries, Vol. I, pt, 3, n. 7. 

2 Infra, p. 29? 
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Fossils Iroiii tlio Ijnver 
Promo sovies. 


in each case surrounded by ferruginous concretion, it was impossible 
to determine the species to which they belong. From the same bed 
1 obtained the cephalothoTax of a brachyurous crab measuring five 
inches in width, but the specimen does not admit of determination. 

About fifty feet below the top of this series of beds, that is to say, fifty 

feet below the bed containing Cytherea 
eryema which outcrops opposite Prome, 
there occurs a bed filled with Turritella 
cT, Jenkins, and TtvrrHella ncuticarimtn, Dunker. Therefore it is 
evident that these two Tiirritellae can no longer bo considered as forming 
one of the highest zones in the Pegu beds,^ as suggested by Noetling. 
between this and the fish teeth zone I fouml an imperfect shell belonging 
to the Conm family. Where tlie Lower Promo series is exposed near 
Kama it is much more fossiliferous than is the case opposite Prome, 
the most frequent fossils being : — 


Flahellum dwlincium^ Milm^/ Edwards. 
Dione sp. 

TiirrileUa sp. 

VermHim jaiyanasy K. Martin. 

Fimla sp., Noetling.*' 

Conus sp. 


1'his is not ijitciided to represent an exhaustive list of the fossils in the 
Lower Prome sericvS, but is rather given to show that tliesci beds are by 
no means unfossiliferous as assumed by Noetling. NevcrthelciSS as a 
rule this series contains few fossils throughout the district mapped. 
Following these beds in normal sequence comes the Upper Prome series, 

of which the lowest 541 feet are described by 
llic occurreiic^c T'heobald in his section 13.” Tliese beds 

containing abundant Cytherea cryana, 
Fav., and wliere their full development is seen near Thebyu are about 
2,200 feet in thickness. At Kama a similar thickness of them is exposed, 
consisting of sandstones and shaly beds, crowded with fossils and 
containing Cytherea erycina in the greatest jirofusion from bottom to 
top. This of course destroys all value of Cytherea eryema as a zone 


^ See Pal. Ind.y New Serit^s, Vol. I, pt. a, p. 2H. 
- Pal. /nrf.. New Series, Vol. I, pt. 3, p. 299. 

^ Memoirs ^ deal. 8urv, Ind., Vol. X, pt. 3, p. 84. 
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fossil ; but it should be remembered, howevei*, that the zone fossils con- 
stituting the basis of Noetling’s npmenclature do not characterise ex- 
clusively the horizons named after them. In most cases the mollusca of 
the Pegu system range tlirough a number of successive horizons, 
and Noetling’s zones arc named after certain forms which happened 
to be particularly abundant in certain beds of the sections he studied. 
The faunistui constitution of the zones is, however, to a great extent 
a matter of facies, and the reappearance of any particular form in another 
section at a distance from Noetling’s type sections by no means signifies 
that they are on the same horizon. This applies particularly to forms 
such as Cf/tlierca eryvinUy Fav., which are regarded as identical with shells 
that arc still living. If the zone names used by Noetling are retained, it 
should be kept in mind that they must be talccn to indicate the same 
horizons as in the original scheme, irrespective of the exact faunistic con- 
stitution at any particular locality. 

1'he general character of the Upper Prome series, which consists of 

Character of the llpper massive and shaly sand- 

Prome series, ami dis- stones and shales, is softer than that of 
eovery of a Oaj fossil in the Lower Prome series ; the outcrops arc 
the top beds. characterised by lower hills than those 

formed by the beds of the Lower Prome series. In fact the t a o divisions 
can generally be distinguished throughout the district by the difference 
in the ])hysical features of their outcrops. T’he uppermost beds of this 
series form the zone of ParidMipipedam prolotorluosum described by 
Noetling. This year, Mr. II. J. Davies, Geologist to the Burma Oil Com- 
pany, has discovered at the top of this series a bed (*rowdcd with Osfrea, 
which were immediately recognized by Mr. E. Vredenburg as being Ostrea 
iathmryimU^^^ Vred., thus giving a parallel horizon with the Gaj in Sind, in 
Persia, in Cutch, and in Kathiawar. 


TuvHtella 
the top of the 
Prome series. 


from 

Upper 


I have this year found in these topmost beds of the Upper Prome 

series a species of TurriUdla which is 
sp, tiom (hfjerent from any hitherto described from 
the Burmese tertiaries. It is characterised 
by three sharp revolving keels, of almost 
eipial strength, which seem to persist up to the embryonic whorls. Prom 
the figures and description given by K. Martin in his “ Die fossilienvon 
Java” it seems to be comparable with Turritella djadjariemiii, Mart. 
It has also been found by Mr. Davies in his zone of Oslrea luiinutrginaia, 
Vred., and seems to occur in the topmost beds of the Upper Prome series 
and possibly the basal beds of the Kama clays. 
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Above these beds follows a series of shales with sandy beds and 
_ occasional sandstones, which are the 

aiiia)Ca}S. Kama clays mentioned by Theobald. 

These beds are crowded with fossils, of which perhaps the most im- 
portant is Area iheuhaldiy Noetling, which occurs near tlie base and 
forms the zone of that name described by Noetling. 

This top division is the most important of all the divisions of the 
Pegu beds from an economic point of view, 
All tlie oil see)KiftTs in because it is from it that all the oil seepages 
clays *'^*^**^ *^^ in the district occur, thus con- 

tradicting Noe t ling’s theory that the oil- 
bearing strata were all in his Promeian division, /.c., the Lower Prome 
scries and the Sitsayan shales. The exudation of gas at Kama comes 
from these Kama clays ; the oil seepage near Thingan comes from them 
close to where they arc cut oft by the fault ; the seepage at Kayinzu 
comes from the very base of these beds, while the seepage at Narnayan 
cannot come from beds older than these clays. 


'the fossils occurring in 

the liiiiiia 


Fossils IToiii 
days, 


these clays at Kama have alieady been 
described by Noetling in his memoir.^ 
^herc they out-crop near Thingan, I 
obtained the following : — 


Dendrophyllkm sp . , 

Dione sp., 

Turritella aciUkarimita, Dunkcr, 
Vermetm javanm^ K. Martin, 
Margimlla (Glabella) scripUij Reeve, 
Gemta irravadica, Noetling; 


while from a similar horizon near Thebyii I obtained : 

Area sp., 

fjcda Virgo, K. Martin, 

Dione sp., 

Corhulu socialis, K. Martin, 
Marginella (Glabella) scripta. Reeve, 
Pleurolorm karenaiea, Noetling, 

(hum avaenm, Noetling. 


' Zooe of drea iheobaldi. 
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Having described these beds, it remains now to deal with the beds 

that overlie the Kama clays. While 
JWariiie beds wliicli niapping in the neighbourhood of 

TesVlrnhe Padaung, I was much puzzled by some 

beds which formed a marked ridge at 
Tamagon, and there seemed to lie conformably upon the Upper Prome 
series, but which when traced northwards swing unconformably across 
the Kama clays and are cut off by the fault. They consist of coarse 
yellow* grits and occasional conglomerates, more or less ferruginous, and 
yellow sands. They contain marine fossils, most of which occur in the 
Pegu rocks, but are characterised by the abundance of Ostrea among the 
fonns. 

A small patch of these rocks is exposed in the trough of the syncline 

near Myaungshe, and also on the eastern 

lie S'KwJrcKriSi of tbe Irrawaddy at N^nayan. It 

of tlie Irrawaddy. however, until 1 worked north of 

Prome that the age of these rocks became 
clear. In the stream near Thebyu the topmost beds of the Lower Prome 
series are exposed. Overlying these follows the whole series of the 
Upper Prome beds, and over these again lie the Kama clays, of which 
about 1,200 feet are seen. Over these Kama clays is a series of grits and 
sandstones, containing marine fossils : these beds are the exact counter- 
part of the Tamagon beds. They pass upwards into yellow sand- 
stones with few fossils and these in turn arc covered up and concealed 
by a thick deposit of the gravels of the older alluvium.* 

As the junction of the grits and the Kama clays is traced south- 
. wards, it becomes apparent that these 

Kamri!S™“iid grits are l^ng unconformably across the 

iiig marine grits. * clays, and are creeping more and more 

across their outcrop towards the top of 
the Upper Prome series. The actual spot where these grits do actually 
overlap and conceal the Kama clays is not visible, but is somewhere in 
the channel of the Irrawaddy opposite Prome. 

The beds at Prome described by Theobald as the upper members of 

the Pegu group, and as passing conform- 
ably upwards into the Irrawaddy series, 
are these grits and sandstones which are 
lying unconformably upon Kama clays and 
> . 1 Upper Prome beds. 

South of Prome these basal grits are seen in the Mauchaung stream 
to be lying directly upon the Upper Prome series. 


Marine beds above un- 
conformity puss conform- 
ably into beds of Irra- 
waddy series. 
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Marine beds must lie 
classed in the Irrawaddy 
series. 


In view of this unconformity and the absolute difference of their 

lithological character from that displayed 
by the rocks of the Pegu series it is im- 
possible to class them with that system, 
but they must of necessity be classed with 
the beds of the Irrawaddy series, with which they are apparently quite 
conformable, and with which they agree much more closely in lithological 
character. 

In the Records of the Geological Survey of India, Vol. 2, part 4, 
tri 1 11 * »■ 1 Theobald divides his Fossil-w'ood group 

(since called Irrawaddy senes) into three 
divisions, naming the lowest division the Mogoung sands which he 
describes as follow's : 


‘ ‘ Mogoung sands. 

A mixed assemblage of shales, sands and conglomerates, the last 

very subordinate, Towards the base the beds 

contain marine shells and pass into those of the next group.” 

I'hesc marine grits which. 1 have described as lying unconformably 

upon the Kama clays and Upper Prome 
MogO|iilg sands identical series undoubtedly correspond to the low- 

If'frraSlerts ot Theobald’. Mo- 

goung sands. The beds themselves are of 
little importance, save that they show that it is unsafe to class a post- 
nummulitic rock containing marine fossils as belonging to the Pegu 
group without referring it to known beds of that group. 

Another point which this unconformity emphasises is the impossibili- 
ty of finding the horizon of any definite bed 
in the Pegu system by working down from 
the base of the overlying Irrawaddy series ; 
yet this seems to have been the procedure 
adopted by Noetling in fixing the position 
of the Lower Prome beds at Yenangyaung.^ 

It will have been noticed that throughout tliis report I have care* 
_ » fully adhered to Theobald’s divisions, 

clSMU.n.SS'nc, ..dA Mtaonsoftb. 

rromc beds, Upper and Lower Prome 
series. T have carefully avoided using the divisions suggested by 


Impossibility of detei*' 
mining Poffii iteds by 
working from Irrawaddy 
series. 


^ Pal, tni.. New Sericy, Vol. I, pt. 3, p. 29. 
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Noetling, viz., Yenangyaungian. (consisting of the Kama clays and 
Upper Promc series) and Promcian\(consistmg of the l^ower Prome 
aeries and Sitsayan shales), he( husc 1 think they are totally unsuitable 
both as names and as divisions. 

At Yenangyaung a series of Pegu shales and sands is exposed 
Ko evidence that Lower ^i^ider the beds of the Irrawaddy series, 
Prome series oiitero|is and we have at present no evidence, 
ill tlje ^enaiig\vaiiiig' oil- structural or paheontological, that any 

part of these shales and sands may be 
oTi the same horizon or the equivalent of the hard massive sandstones 
of the Lower Prome series (the Upper division of Noetling’s Pro- 
meian) exposed in Lower Purina. On the other hand T shall show in a 
subse({uent paper^ that it is most probalde that all the Yenangyaung 
shales and sands overlie the Upper Prome series, that they are in fact the 
upper development of the Kama clays, which is obliterated in Lower 
Burma by the overlap of the Fossil-wood group. *The difference of the 
Yenangyaung fauna from that existing in other places would fall 
in with this view. Be tliat as it may, I think it better at present to 
adhere to the terms Upper and Lower Prome series and to keep the 
Kama clays and Sitsayan shales distinct and soparate, than to class the 
Lower Prome series and Sitsayan shales together as Upper and 
Lower Promeian, and the Kama clays and Upper Prome series as 
Upper and Lower Yenangyaungiaii. Such a division of the Pegu system 
has nothing to recommend it, whereas the Upper and Lower Prome series 
have similar lithological characters and fall naturally into one division, 
and the Sitsayan shales on the one hand and the Kama clays on the 
other have no characters in common with them, but must necessarily 
form divisions by themselves. 


Summary. 

'I'he points adduced in the foregoing paper which are (jontrary to 
the views held hitherto are tlie following : — 

1. Theobald’s detailed description of the Upper Prome series does 

not comprise the whole of it, but only the base of the series. 

2. The Pegu and Nummulitic systems do not form an unbroken 

sequence ; on the contrary there is a distinct unconformity 
between the two. 


1 Infra, p. 290. 
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3. The Lower Prome series is by no means unfossilifeious as has 
been hitherto »suppos<xl.^ 

•1. The two forms, TurriieUa simplex. Jenkins, and Turritella acuti- 
mrinala, Dunker, ran no longer be regarded as forming one 
of the highest zones in the Pegu system. Tliey oceur similarly 
in the lA)\ver Prome series. 

5. Ciflherea erijana, Fav., occurs in the greatest profusion through- 

out the l^j)per Prome series. 

6. The oil-bearing vStrata of the district are the Kama clays (ihe top- 

most division of Noetliiig’s Yenangyaungian) and not either 
the Lower Prome series or the Sitsayan shales (which com- 
prise Noetling’s Promeian), hitherto supposed to be the oil- 
bearing strata. 

7. The Keima clays are the topmost beds of the Pegu system in the 

district, which is contrary to what Theobald ussumed. 

8. There is a distinct unconformity between the Pegu and Irra- 

waddy systems, 

0. The basal beds of the Irrawaddy system are marine throughout 
the district ; whi(‘h last two facts are contrary to the former 
idea that tlie two systems were perfectly conform aV)le and 
that the Irrawaddy system did not contain any marine 
beds. 

10. Noetling’s scheme of classification of the Pegu system into 
Yenangyaungian and Promeian is not suitable for the 
subdivision of the system, which is more satisfactorily effected 
by Theobald’s scheme. 

Prospects of Oil. 

Padaung . — 'Fhc oil seepage in this locality comes from the base of 
the Kama clays where they outcrop in the bed of the Irrawaddy , by 
Kayinzu. The only anticline in the neighbourhood runs N.N.W. from 
Kayinzu and has Lower Prome beds exposed along its (Test. Since 
there is no evidence of oil in the Pegu series below'^ the base of the Kama 
( lays a boring in the anticline would probably not pass through any oil- 
bearing strata. 


' Afr. L. Dalton (claims to have found fossils in ilieso rocks (Quar, Jvum. 
fkol. Soc., Vol. LXIV, [). 608), but it will bo seen below (p. 274) that the 
horizon from which iho fossils were obtyined is really the ecpiivalcnt of the Kama 
clays and not of the Lower Promo scries. 
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Zmwf/.— The remarks which T have made above apply in this case 
also. The oil seepage occurs from t^e Kama clays near Thingaii and 
close to the fault. It occur?’ on about the same horizon as the 
seepage at Kayinzu. The only anticline in the vicinity is the one 
mentioned as stretching N.N.W. from Kayinzu, which is cut off by the 
fault near Thingan and contains no oil-bearing strata. 

2Vama//an. — The horizon of the oil seepage here is a little more ob- 
scure, since the rocks are (jovered with alluvium to the west of the fault. 

' 1/ 

The seepage occurs on the line of the fault and apparently comes from 
the beds on the west of it. These beds, from the general trend of the 
strata across the river, cannot be older than Kama clays. There is no 
anticlinal structure and it is useless to prospect for oil in the vicinity. 

TaumjbogyL — The oil seepage used to occur here in some sandstones 
dipping steeply to the north-east. Tlie beds belong to a series which 
contain Eocene Orbitoides and in its upper members Eocene numinulites. 
I'hey are undoubtedly of Eocene age and are overlapped unconforhiably 
by the Sitsayan shales. Tliere is no anticlinal structure in the vicinity. 
A boring was put down some years ago which failed to obtain oil at 
any depth, but encountered much water. Since that time all sliow o^’ 
indication of oil has ceased. It is useless to prospect fuither here. 

Katm . — Oil is reported here from a place south of the town where 
the base of the Kama clays outcrop, but as all the rocks are dipping 
steadily eastwards without any anticlinal structure oil cannot be 
expected in any quantity. 



Part 4.] Stttart : liccorrelaHon of. the Pegu System.. 


271 


The Recorrelation of the Pegu system in Burma 

WITH NOTES ON THE HORIZON OF THE OlL-BEARlNG 
STRATA (INCLUDING THE GEOLOGY OF PADAUKPIN, 

Banbyin and Aukmanein). By Murray Stuart, 
B.Sc., F.G.S., Assistmtt Superintendent, Geological 
Survey of India. (With Plate 24.) 


fTlHE localities described below are Padaukpin, Banbyin, and 
* Aukmanein in western Thayctmyo, in each of which oil 

seepages occur. The country around 
.oca.i les. Padaukpin and Banbyin has been re- 

peatedly examined by the geologists and experts ot the Burma 
Oil Company and a short chapter is devoted to it in a paper on 
the Geology of Burma recently read before the Geological Society 
by Mr. L. V. Dalton.^ The country around Aukmanein (PI. 24) 
has now been examined in detail for the first time. 

The rocks outcropping near Aukmanein belong to the Lower and 
' Upper Prome series (having the same 

Rocks outcropping near lithological characters as at Prome) and 

li?" a"'"' ’’'8“ 

Oil seepage occurs from the Kama 
clays near Aukmanein in tlic wet months, but since all the rocks 
are dipping eastwards at about 45°, the stnicture is very un- 
favourable for them to yield oil in quantity. 

Above the Kama clays come the massive yellow and grey sand- 
stones described by Theobald in the 
Beds which overlie the Menunrs of the GeoUnjical Survey of 
Kama cla,v>. India, Vol. X, part 3, page 93. These 

sandstones, which seem to lie conformably upon the Kama clays 
when seen in any individvial section, are found, on tracing their 
outcrop, to overlap the Kama clays unconformably and are obviously 
the equivalent of the basal marine beds of the Irrawaddy series 
already described by me in the preceding paper as existing around 


1 Quar» Joum. Gcol. Soc., Vol. IjXIV, pfc. 4, 

2 The term Tromo series refers to Theobald’s scheme of classification, not to 
Koutling’a (see previous paper). 
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Prome.^ As in the Promc district these beds contain marine fossils 
and pass conformably upwards intq undoubted beds of the Irra- 
waddy scries. 

Theobald describes these beds as follows : — 


“ West and South-west of Thaietniio stretches a belt of low 

hills, much scored by ravines and made up 
Tlieobald s description ol fossil- wood beds already described. 

The axis of this bolt of country runs 
in a sfiglitly curved line, with its concavity’^ facing the river, from 
the village of Pima-khon, fourteen miles West-north-west from 
Thaietniio to Alayua, midway between Pulo and Kama, giving a 
length to this tract of twenty-five miles, by a oreadth varying 
from six to ten miles. Leaving this belt of ground in a Westerly 
direction across the Pani ( Punnee) stream, the character of the country 
gradually changes in accordance wdth the fact of our descending 
somewhat on to the lower beds, beneath the fossil-wood group. 
Across the Pani stream in place of the incoherent fossil-wood sands, 
we come on to not very dissimilar beds, but in which marine 
fossils are pretty (iommon : and which, from the abundance in spots 
of that shell, may be termed sands;” (It will be remem- 

bered that Theobald found these fossils in abundance in these 
beds at Promc. --M. S.) “and these beds arc either very high in the 
series of the Promc group, or perhaps correspond in part with 
the Mogoung sands intervening between the Prome and fossil-wood 
groups.” 

IMicsc marine beds pass upwards conformably into the typical 

beds of the Irrawaddy scries and arc 
I lie s tructure Ot tlie f much covered and obscured by 
country between IVatlie and .. i r xi ah tt 

inkitiaueiii. gravels of the Older Alluvium. Up 

to the point where they pass under 
the Older Alluvium their dip is steadily east-north-east at about 
30°, but when, near Nathe, they again outcrop they dip at about 
10° in a west-south- west .direction. 

Here, in addition to marine fossils, they contain the fossil roots 
„ ^ ^ of a species of palm tree. One such 

merous sharks’ teeth embedded in the 
coarse grits which existed between the rootlets. Obviously, therefore, 


^ Supra, p. 266. 
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the marine conditions were rapidly giving place to shallow water and 
estuarine conditions. 

Eastwards from Nathe, successively h)wer and lower beds outcrop, 

, until, near Padaukpin and lianbyin, the 

Kama clays outcroii at i 

Padaukpin and Itanhyin, clays of the underlying Pegu 

system appear, being exposed, generally, 
along the streams, whore these have out down through the gently 
dipping beds of tlie Irrawaddy series. It is in those clay3 that 
the: Oil occurs. 


Further to the east the beds of the Irrawaddy series bend 
. over and dip sharply east-north-east at 

r'- 

between here and the Myinbataung 
ridge to the, east. The general structure, therefore, is that of a 
subsidiary anticline developed in the trough of a larg(*. syiicline. 

I do not think thai; the locality ij? likely to prove productive of 

oil because of the unconformity be- 

l he locality not likclj tween the overlying Irrawaddy sand- 
no prove productive HI oil. , , i ^ , 

stones and the underlying Kama clays ; 

for although there is a somewhat definite antic*, lino in the Irrawaddy 

lieds, yet there does not seem to be any very definite anticlinal 

structurci; in the underlying Kama clays, which show subordinate 

puckcrings ratlier than any very definite anticline. 

Fossils from tl.e Kama 

clays at Padaiiltniii ami Jlanbym and Padaukpiti I obtained 

Baubyiii. the following fossils : — 


Lilhoflomus sp. 

Leda virgo, K. Martin. 

Corbuki socitdis, K. Martin. 
Tiirritelln acntiairinata, Dunker. 
Natica obscunt, Sowerby. 
Cerithhim sp. 

Ficuh sp., Noetling. 

Balanus tintimmbuiuni, TAnne. 
Hemi'prutis ser. j, Agassiz. 
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The overlying marine beds of the Irrawaddy series contain 
ill the marine many , fossils, including frequent Turri- 
beds of the Irrawaddy aculkarimta, as they do where 

they outcrop near Aukmanein. 

In the paper on the Geology of Burma which I have previously 

mentioned as appearing in the Qmrterly 

The basal bed ol the Journal of the Geohqical Society^ Vol. 
Irrawaddy series wrongly , » 4 . a 4 .x. .i, i 

correlated. liXIV, part 4, the author erroneously 

** describes the bottom bed of this group, 

where it overlies the Kama clays near Padaukpin, as the zone of 
Cytherea erycim, both because of the discovery in it of “ a species of 
Conm^nA. a poorly-preserved Gemtotroc/m&* (possibly C. a?cocHawiw),” 
and from the fact that oil occurred below this horizon, being misled 
in this instance by Noetling’s view that oil always occurs below 
the zone of Cytherea erycina and not above it. It was from the 
Kama clays beneath these sandstones that he discovered a 
fossil which he regards as identical with the European form Ludna 
globulosa ; but the value of the discovery was considerably diminished 
by the fact that the horizon in which it occurred was at that time 
not correctly detcrnuiied. Where the Pegu series outcrops at the 
edge of the main synclirie near Aukmanein, the Upper and Lower 
Prome series have practically the same lithological characters as at 
Prome, forming steep hills running to 1,400 feet in height; it is, 
therefore, unlikely that they have changed their character so completely 
in ten miles or so as to be here represented by shales. 

The discovery of Liwina globulosa in the top of these shales, 
^ ^ immediately underneath the unconform- 

Po^danknin** tainac a>>a definitely fixes the horizon as of 

^ * Helvetian-Tortonian age, since this fossil 

is characteristic of that horizon in Europe, while the base of the 
Kama clays is a known horizon because of the occurrence of the 
band of Ostrea latiniarginata, which, as stated in the preceding 
paper, occurs at the top of the Upper Prome series.^ The 
evidence given by the form lAicina ghhuhsa is supported by the 
occurrence of the tooth Hendpristis serra, Ag., also, which is 
characteristic of Miocene and Pliocene age.“ Both of these 
pieces of evidence are seen to be of the greatest importance, in the 
light of the discovery of Ostrea htimargimta by Mr. H. J. Davies. 

1 Page 264. 

2 See the next paper, p. 293, 
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Tliii^kiiess of lianiaelavs 
at Padaukihii wry « ieat. 


I am indebted to Mr. E. Vredcnbiirg for the following infor- 
mation as to the liorizon of 0.sVmi hirmartiimta : — 

“ Tills Ostrea hlimartjinaia is the most character.'stic fossil of the 

uppermost zone of the Oaj in Sind, 

AjJ^e ol ImmIs Persia, in Cutch, and in Kathiawar. 

^realmimarglnata 

lepidocyclines of the group manf nata 
and' cannot be no\v(‘r than rjipcr Acpiitauian. it Is just possible 
that the uppermost zone with Ostrea tatimarffinaia may be "liurdi- 
galian.’'^ 

Consequently, the tliickness of the Kama clays existing at 

Padaukpin and Banbyin represents the 
whole of the Burdigalian and at 
least the lower ])ortion of the Middle 
Miocene as represented by llelvctian-Tortonian beds. Even without 
the fossils it is at once evident that a large thickness of beds of 
age newer than the Viasement beds of tlu^ Kama clays must exist 
here as a result of the unconfoTmity. 

At Aiikmanein (see section, plate 24} the beds of the Irrawaddy 

series are dipping at about 30^ while 

il'ppi'ig 

rionJ. eastwards. This 

difference of di]) is )>racti(‘ally the same 
at Banbyin. Near Nat he the beds cu the Irrawaddy seiies arc dip- 
ping about 10^ S.W., while the clays underneath are approxi- 
mately horizontal, and furtlicr to the east wluue the beds dip east- 
wards the shales are dipping at angles from 70'’ to SO'', while the 
overlying sandstones are dijiping from to (sec section 

on plate 24). The underlying shales show subordinate puckerings, 
but, allowing fnlly for this, the thickness of the shales at Padaukpin 
and Banbyin must be very considerable compared with the thick- 
ness exposed at Aiikmanein. The fauna, too, which is seen at 
Padaukpin and Banbyin is different in many respects from that 
seen in the Kama clays, which lie close above the Promc beds ; 
but much stress cannot be laid upon this, because tlie occniiTcnce 
of fossils at any place*, indicates that conditions were suitable tor 
their deposition at that place, rather than indicating a definite 
horizon which may be recognized at some other point. * 

^ vScG note on occurrence of Ofthea latinianjinafa on pages 127 — 132 of this 
volume of the Records, 
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Since it is (•stal)lislu‘(l 


that there is liere a large tliickness of 
Kama clays existing below the Irra- 
waddy .series, I have little doubt that 
the different oilfields ar(» a repetition of 
such structure, and the different fossils 


are ex])lained by the fact that different horizons of 
ex])osod in almost each oilfield ; the thickness of 


i\o evidence that oil 
occurs in tlie IVpi sy stein 
below file Kama clays. 


IMobaliility of llie slrnc- 
tiire of tlic oilfields being 
file same as tbaf af 
FadanKpin. 

found in them 
these shales aii 

shales existing in any individual field depends on the distance 
tluit oilfi('ld is situated fro c the western boundary of the synclinc 
wh(‘ie tlie Pegu l)(*ds outcrop, and also on the difference in the dip 
of the beds of the overlying Irrawaddy series and the shales 
throughout that distan(M\ 

Kxc(‘pt in the oilfields we have no eA’idence tliat oil sands occur 

in the Pegu system below the base of 
the Kama clays. Even in the oilfields 
the only evidence we have is that given 
by Noetling’s identification of btxls of the 
age of the fiOW(‘r Prome series (which form the upper division of this 
PTom<*.iaii). 'rids identification is not sujijiorted by any structural 
evidence. Indeed, in view of the big uncouformitv whieh 1 have 
shown to exist between tlie Irrawaddy and Pegu systems, and the 
structurt^ of the Padaukpin area especially, the stni(;tural evidence 
coiiti’adicts rather than su]>poits such a correlation. It is even 
more strongly contradicted by the fossil evidence. The fauna of 
the different oilfields is distinctly different from tliat of the Upper 
or laiwei’ Ihome series, and it will be shown on a later page 
that there' is evtuy reason to believe that the rocks exposed 
in the various oilfields are high in the Miocene system, whereas 
the base of tin* Kama clays as indicated by the discovery of 
Oslrea hdi marijinata , Vred., is lowermost mioccno. That being so, 
it is safe to say that we have no definite evidence that oil sands 
occur In the Pegu .system below the base of the Kama clays, ^ and 
consequently, as is the (!ase in the Western Jerome district, the idea 
put forward by Ncetling that the oil must exist in the Lower 
Prome series and Sitsayan shales (Noetling’s Promeian) is so 
far not justifii*d. On the othi'V hand the Kama clays (and here I 
mean tlie whole of the series of sands and clays inteivening between 
the lop of flu I'ppei Piome series and the base of the Irrawaddy 
se.rie.a) seem genorally to contain oil throughout. 

* ilin inideiure ^o’ven in tlin preceding pa|»cr. 
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iVt Yenaiigyaung the developiiient 

I'liconforiiiity very small 
at Yeiiaiiiryauiig ; 

Kama clays more 
ilcvcloiicd. 

that conditions wore 


hence 

fully 


of the Kama chiys seems to 
greater than at Padaiikpin 
and Banbyin, and the existence ot a 

terrestrial fauna (Noetling's zone of Atio- 
pj other i am birmanicum) seems to show 
more nearly approaching the terrestrial condi- 
tions indicated by what are recognized there as the low'cst beds 
of the lirawaddy series : in other words, tliat the interval re- 
presented by the unconformity between the two systems is not so 

great there as it is at Padaukpin. The existence of the forms Cyrena 

rrmviurdi, Noetlijig, ajid Cyrena (Batissa) petrolei., Noetling, botli in 
the top beds of the Pegvi shales and the basal conglomerate of the 
Irrawaddy series,^ lends additional support to this view. 

Dr. G. E. Pilgrim has kindly supplied me with the following 
The failUii of the basal information as to tin horizon of the 
hods of the Irrawaddy lowest beds of the Irrawaddy series at 
series at Yeiiaiig>aiiiis:. ‘ Ycuangyaung :-~ 

I have examined the vertebrate fossils collected by Noetling in 
18i)2 and by Grimes in 1897 from the lowest beds of the Irrawaddy 
series at Ycuangyaung. They imdude - 
Mastodon hUidens, Clift., 

Aceraihenum perunense, Jjyd., 

IHpparion piinjnhien Ly d. , 

Telraconodon sp., 

Poia moehoerus t itan , Ly d . , 

Hippopotamus irrawadkus, F. k C'^, 

Merycopotainus dissimilis, F. & C., 

Boselaphus sp., 

(yet vus sp. 

is suilicient to fix the horizon of these 
as Middle Sivvalik, that 
older than that of the 
Siwalik hills and newer 
the Lower Siwalik s of 
Punjab. As ncai ly as possible this stage corresponds to the Potitian 
of Europe. 

also collected two ieeth from the marine beds of the 
Pegu series at Ycuangyaung which he 
figured in Pal, Ind., New Series, Vol. I, 
plate NNV, figs. 24 ai d 25. under 
the name Anoploihernm. birmanicum. 


This fauna 


As:coft]ic hasal beds of 
flic Irrawaddy series at 
Yciiaii^yaiiiig*. 


“ Noetling 


Noetliiig’s determination 
Anopelothriitm bir- 
rnanicum revised. 


beds definitely 
is to say, as 
fauna of the 
than that ot 
Sind and the 


Memoirs, Geol Sf^v, hid., XXVII, pt. 2, pp. aK—GO. 
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Apart from the poor j)rescrvatiori of the specimens, their particular 
character does not admit of ai>y exact determination. I may, 
however, say that I am unalde to refer either of them to 
Anoplofherium ; one is an upper molar of a small sized and primitive 
member of the TrafjuUdce, and the other is a lower molar of a 
selenodont siiine animal allied to Choeromeryx. Another lower molar 
collected by Mr. Cunningliam Craig from what would seem to be a 
•similar horizon is allied to the last mentioned of Noetling’s specimens 
although a different species. The specimens, while* indicating that 
the ])ods in which they oc^eur are newer than Aquitanian, admit of 
any age between that and Pontian.” 

In Lower Burma the basal beds of the Irrawaddy series are, 
. ^ ^ I have already explained, marine, and 

IiiiSot by •" «noonfora.ity tr«n. 

purely marine beds of the Pegu series. 
That is to say, the conditions both before and after the uiuion- 
formity were marine, passing upw^ards in later Irrawaddy 
times to estuarine and fresh- water conditions. The age of the 
unconformity has been fixed as post Helvctian-Tortonian by the 
previously mentioned discovery of fAicina {jlobulom below it, and it 
is probable that the unconformity is of T^|)per Tortonian age. 

In Upper Burma and Yenangyaung the unconformity seems to 

be very small or absent, practically the 
whole series of Ijcds being present; 
the first sign of the upheaval, 
marked by the unconformity in Lower Burma, is the occur- 
rence of a fresh- water series of beds represented by Noetling’s so- 
called zone of Awyphther'mm hirmankmn. This is followed by the 
marine beds mentioned by Mr. Pascoe (Records, Geol. Surv. Ind., Vol. 
XXXVI, 1908, p. 135) which would correspond with the subsidence 
in Lower Burma which established the marine conditions prevailing 
there in earliest Irrawaddy times. These marine beds at Yenang- 
yaung pass upwards i^to mixed beds (containing few fossils except 
Batissa, and also much selenite and fossil-wood ; these pass 
upwards into the fresh-water series, which has hitherto been classed 
as the Irrawaddy series at Yenangyaung, having the ‘ Bed bed ’ 
for its base, and being Pontiaii and Younger in age. 

It seems, therefore, that the so-called zone of Anophtherium 

Classilicatiouoftliftbeds birmanicum m the equivalent of the un- 
whicli correspttnd to the conformity in Lower Burma, and that 
niiconformity of Lower the very slight unconformity between 
Bnriiia. tjjg « those below it is 
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putely local iu character, as has always been luaintained by Mr. Pascoe. 
That is to say, the mixed series of beds down to the lowest fresh- 
water deposit, which have liitherto been (jlassed as topmost Pegu, 
should be referred to the base of the Irrawaddy series ; the 
Pontian age of the Red bed agrees certainly ^vith the assign- 
mcnt of the so-called zone of Amyphfherium birmanicim feet 

below the “Red bod’') to the horizon of the unconfonnity in 
Lower Burma ^(»f UpjxM* Tortonian age). 1 believe Mr. Cunnmghaiu 
Craig, from the study of the volcanic' rocks iu Pakokku last jear, 
came to tlie conclusion that the white bed (containing Icaolin) 
which immediately underlies the Red bed at Yenaiigyaung could not 
possibly be tlie base of the Irrawaddy series, but must occupy a 
position some distance alrovc the ba.se. If this is so, it ^upports 
strongly the view deduced by me above from the study of the 
geology of Lowe/' Thirma. In any case it is impossible at ]>resent 
to correlate the marine basal beds of the Irrawaddy series in 
Lower Burma with the ' Red bed ’ in Upper lUunui, and their 
t lie ])osilion cannot detinitely be iixed without further exami- 
nation. • 


So fa]’ as is at present 

(ioiTclalioii witli Euro* 
pcaii dcvelopmciil. 


known, therefore, tj^? coiTclatioii of the 
rocks discussed in this paper with the 
Kuropean scale is as follows : -* 


Ago. 

Kuioiw, 

Burma. 

U|i|K*r Miocene 

I’niitiaii . 

Lowest beds of the Irra- 
waddy series with inani- 
malian bono.s. 

[.Marine beds rinccrlain.) 


r SHriiiatiaii . . 1 

” UnconforniiLy, 

Middle Miocene 

3 Tortonian . . ^ 

( Kama clays (|)etroienm- 


C Helvotian 

^ Ijearing strata). ^ 

Lower Miocene 

Burdigelian 

Ditto. ‘ > tS 


r Atiuilaniau . . ; 

I'pper Jerome .series , > ^ 

OJigoccnc 

J Stain pian . . ' 

) LoAver I*j ome series, \ ^ 

iC Tongriaii' . . | 

1 Sitsayan shales, 
s Uncunfotmity. 

Kocenc 

.... 

Nuinmulitics, 


. 

( Ba ss k in S y stkm ). 


ptor system. 
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That is to say, the Kaiixa clays, which seem to be the main 

oil-bearing strata, represent the Lower 
**'***’ Miocene 

of Europe, while the Prome series and 
Sitsayan shales, being earlier than lowermost Miocene and also 
post- Eocene, must be of Oligocene age. 


Before closing this report I wish to review the fossil evidence at 
, , , present known and to see how far it 

pirMs si- “ *)>« 

oilUeltls. previous pages that the shale series 

exposed in the difEerent oilfields is really 
the upper development of the Kama clays seen in Prome. 


The known zones of the definitely known there 

Tegu system, are three fossil zones of fixed horizon : — 


The zone of Area vheobaldi, situated at the base of the Kama 
clays. 

The zone of Parallelipipednm proiotortuosum^ situated at the 
top of the Upper Prome series. 

. The zone of Qytherea erycinay situated at tlie base of the Upper 
Prome series. 


Between these lower two zones there are probably two more 
/ones of Aricia hu^ zones, Aricia hwmrosa and Plwlas 

merosa and Pholus orientalis, but the exact position of these 

orientallg. 


On studying the distribution of the fossils found in the 

above zones in the various oilfields, it 
Disti'ibiitioii ot the ml- • ^ noticeable that the greatest 

held fossils through the r r ^ 

known zones. number of forms are common to the 

zone of Arm theobaldi, while few are 
known in the lowest zone of Cytherea erycina^ which is at the very 
base of Noetling’s “ Yenangyaungian.’’ 

On the other hand there are a large number of forms present 
which are not known in any of the known zones enumerated 
above. 

‘ Pol. hii.y New Series, Vol, I, pt. 3, p. 31, 
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The following tables, compiled from Noetliug’s table showing 
the vertical distribution of the fpssils, will make this evident ^ : 


Zone of Mytilus nicobaricus (8ingu). 
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Cardiuiu minbuensi;, N'oet. . 
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Meioeni'dia luetiivulgaris, Moot. . 
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Dionu |ir<jt(diJu(‘iriii, Ndet. . 

* 
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! 

<1 

« 
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„ tiinysdaloidi’f*, .\<»rt. 
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* I 
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„ l>rotoj)hilipr.Mii:miiii, Noel. . 

* 


* 
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Telliua giiiiiesi, .Nuet. 
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* 

♦ i 

i 

* 

* 


(Jari deulerokiiigi, Noet. 




• • i 
M 



i ' * 

! 

Corbula rugi>s:i, Sowevby 




” 1 



1 4 

DentiiUuni jungliuluii, K. Alartiii 

m. . 



j 

1 41 

1 



Calliostoina blanfoidi, Noet. 




1 

1 


I • 

j|JasUi.ssa lorjoliaiia, Noet. . 


; 




* 

i 

1 

Solariiuu iiiaxiimuti, IMiiliiipi 






* 

1 

! • 

Turritella ^iiiiplex, Jenkins 





4i 

• 

1 

Siliquaria .sp 







' • 
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1 Pal, hid,. Now Series, Vol. I. pt- It, ))p. 
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Zone of Myiilus nicobaricus (Singu) — contd. 



t (;alyi>tr»ioa^ruj»osja, Xnot. 

Nfttirii obsciira, Sowciby 
•Slgaretus noritokk-iis, Liiuvi 
Cypraou grant I. cl'Aroli. A Ttaiiin 
Cla1<'ud(*.‘i inonilikiji., Moot. . 

I’Icula Ihcobiild!, .Voot. 

Pynila biicojihnla, Laniaiek. ^ 

„ psiMidobiiccphnla, Noot. 
Oliva rufula, Ducli .s . 
t!<<nota irravaducn, M’ool. 
Clavatula’fulnilnaty, KhMn‘r, sp. 

„ protou«Hill'(?rn, N’ort. 
C'oiiiiM nvaoiisis, Noct. 

(..'iilllanusMa blnnanioii, Mod. 
Lttmna xpaUunmnii, lioiiaii:u't*i 
t.'archu''iu.s gaitgotieus?, Mtiilor A I 


Niiiiibor of forms (■omnion to rat It zone 


Zone of Meiocardia meiavulgaris (Singu). 



Mot known in the 

Mot know'n in the {| , *II ••*3 •*** *111 precedin? zones, 

preceding zones. 
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Zone of Meiocardid tnelavuUjaris (Singu) — contd. 


Modiola buddhaini, Ndot. 
LitliodoiiiUiii sp. 

Arru bistrigata, Ouiikor 
Xuciilii alrocki, Norf. . 

J.fda binuaiiioa, 5o(?l. 

CiiJ'dita scabrosA, Jfml. 

,, IjUbunareitHis, K. Martin 

„ viquesndi, d’Aivh. <t II m 

„ cf. mulabilis, d'Artli. iV 1 

CiaHsiitrlla duawri, 

MoiocjirdU njotovulgaiU, Nout. . 
Dioiw piotolilsu inii, Nocd. . 

„ priMtophilippiiuauin, Xoct. , 
Tdlina (^riiiKsi, Xoct. 

Oari kiugi, Xuot. 

Coi-liuLa I'ugoHa, Sowei by 
Calliastouiu blunt'nrdi^ Xuct:. 
Turcica prntomonilifcra, Xoct. 
BasilLssa lorjoliana, Xoci.* . 
Solarium ma !cimiirii. rhilipiu' 
Cypra a grand, d’ArcJi. <1: lluiiuc 
dalcodca niouilib'ra, Xm-t. . 
Flcula theobaldi, Noot. 

CV>nu.s avnciisia, Xocl. 

Dalunus tintiiinabnliim, Jiiiin6 
OalliauaKba birmanica, .Vra’t. 
Ltmnu spalhmanii, Tbuiap’jrti* 


Carchuriaa ganguticui*, MtUlor & Iloiilc 


* I 


Numbor of forma coinmoji to oarli zone 


•1 


12 


Xet known fn t 
preceding zones. 
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Zone of Dione dubiom (Singu & Yenangyat). 


Lticina d’:ir(;hi<ac'.iauu, Noct. 
#Dione diibioga, Noot. . 
Qorbula prototruncata, A’ocl. 
Scalarla k'ptopicurata, yoeT. 


Zone of Paracijalhus caerulcus (Yenangyat). 


Paracyatlius caoruluus, Duncan 
Eupuaiumia regalia, Alcock 
Poctcu irravadlcua, Xoet. 

Area biatiigata, Danker 
NTicula alcockl, Xoct . 

Lucina pagaiia, Noet. 

Dlonu ainygdaloidcs, Xoi!t. . 

,, prutu(ihillppinarufii, Xoct. 
Telliua hilH, Noet. . 

Uari king!, Noot. 

Solcn ap 

CalllOHtiOiua blanfordi, Nuct. 
iioluiiuni maxii'ium, rhilipid 
Torliiia biiddba, Noet. 

Turritella afflniformla, Noet. 
Sillquurla, spec. 1, Noet. 
Calypiraca rugusa, Noot. 
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Zone of Pamcijathus (mruleus (Yenangyat) — contd. 
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>'ot known in the 
preceding zones. 
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* 

} 1 

* 


* 


8igurctiis ncritoideua, Linn^* 
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Cypraca granti, d'Areh. & Huimu 
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Trivia amithi, K. Martin 
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Ficula thcobaldi, ^'oct. 







* 

Triton paidalis, Koct. 
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Kanella prototuborcularis, Xoct. . 
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Zone of Camellaria imrtwiam (Minbu). 
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Toi'inla protodorsiiosji, Noel. 
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• .. 

%> i 


Dis(ruUoIix iiiiiiiiU, ^'oet. 






.. 


* 

Scnluria Hpathiea, Mod. 
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• • 

■ : 

! 

* 

Hemieassis protoja ponied, Noot. . 
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Triton pardulis, Noot. 
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V(»ivaria biriiinnirn, . 

Voluia riiiKcna, Nont 

„ dcntatHt Sowerby . 

Oliva rul'iila, Duclds .... 
('aiicollaria davidsoni, d’Arch. & llainio 
,, niui'tiniana, M(»ol 
Torcbriiiu i^mithi, K. Martin 
Siibiiltt Kit 

Hurnila foddoni, Xo<;t. 

Uciiota irravttdica, Noot. 

(lavatula jirotoiKMlifora, Nnct. 

Drillia iifolointcrniitla, Xot't. * . 

Conns inalaccaiinH, Hwas , 
Balaiius^tinUnuubnluni, rintiC^ 
Callianansa binaanioa, Noef. 

('ancer sp. ..... 

Myliobatcs 8j» 

Caroliarias gaiigelk us, MiUlcr & H. 
Cbileoroi'do sft. . 

Ltnimu Hpulhinzonii, Bonapuitv . 

Number of forms oommon to ratih /.one 



From the above tables it is at once evident that the fauna from 

Fauna <tf the ollfielils ^hree oilfields, Singu Yenangyat 
cannot be correlated with and Mmbu, is different from that of 
any zone below the Kama any of the zones in the l]|)pei or Lower 

Pronic scries or . Kama clays (which 
represent the whole of the fossiliferous portion of the Pegu system 
in Lower Burma). Certainly they do not indicate a position be- 
tween the zones of Area theobaldi and Cytherea erycina. 




* Beitrqge zur Kenntniss dor Gattun^ Oxyrhina, C. R, Eastman, Pedceonto-^ 
grajihica, XTJ, 1894, pp. 189 — 191, • 







P^JIT 4.] Stuaet : Recorrelation of the Pegu SysUm. 


Area bistrigatu , 

Nucula alfoeJti ... 

Loda Virgo 

Cardita protovariogata 
U visqiiosncii 
Lu(;ina ncasquaniosa . 

Venus protofleAiiosa 
M gmnona .... 

J3io]ii.‘ protopliiljppiD^i-m^i 

j> ITofoliJiieina 
» dubiosa 
M (arrakaiionsis) 

Tapes protolinita 
i>ursiiiiu i)ro!ojuvi*niiis 
Uorbula pr^Jtotrnneata 
Hasilissa Inrioliaiia 
Solarium maximum . . * . 

Turiitella simplex 

aeufienrinata 

.* lydekkeri 

C-'aly]>l r.Tu r:igo.SH 

Naliea obseura . 

M praeilior . 

SigaietJis ncritoideiis . 

Oliva (Strephona) nifiila 

Strioferebrum unieinetum 

sP- . . . 

Tcrebrum smilhi 

Plcurotoma kaienalea ... 

riavatula munga (?) . 

Bulaiius tintinnabiiluni 

(.^arcliaiins (Prionodon) gangeticua 

Twingonia . . . . 

Number ot forms common to 
t-lio zones . . i 
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• i&e fowU evidence, therefore, instead of proving that the ahaJe 

VamII evidence snnnnrts pposed in the vaiious oilfieldfl 

equivalents of the Upper and 
«f tiff arc upper Jjower Frome series, indicates that 

development of the Kama they are the upper development of 
* the Kama clays and in this corroborates 

vietr expressed in the previous pages. It also seems probable 
from the foregoing figures that the zone of Artcia hmerona is 
situated above the zone of Pholai. orientally. 


Summary. 

The points given in the preceding paper which are contrary 
to the views held lutherto are the following • — 

1. The oligocene age of the Uppei and Lower Frome series 

and Sitsayan shales 

2. The great thickness of Kama clays whose existence has 

hitherto never been suspected, giving the Kama clays 
a de\el(jpment ranging from Buidigalian to Foiitian (from 
the base of the Lowei Miocene to the Uppei Miocene). 

3. Noetling’s con elation of the oilfields *with Theobald’s divi- 

sions in Lower Buima is contradicted by the fossil evi- 
dence 

4. The indications that the Fegu rocks exposed in the oil- 

fields are the upper development ol the Kama clays, 
and that therefore they resemble in structure the ex- 
posure at Padaukpin. 

6. The main oil-bcariag strata seem to be the Kama clays (see 
the previous paper) 

6. The magnitude of the unconformity between the Fegu and 
Irrawaddy systems, although it is hard to distinguish 
in any individual section. 


Prospects ol Oil. 

Padaukpin and Banhytn . — have already discussed these rocks 
in detail, and although there i» a much {peater thickness of oil- 
bearing strata here than in any of the localities discussed in the 








